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(57) Abstract 

The present mvention provides the compound having structure (I), ^ \ 

wherein each of Ri and R2 are independently the same as or differem Q— 
from each other, when Ri and R2 are the same, each is a substituted ^ 
or unsubstituted arylamino, cycloalkylamino, pyiidineamino, piperidino, Q 
9-purine-6-amlne» or thiazoleamino group; when R] and R2 are different, 
Ri - R3-N-R4, wherein each of R3 and R4 are Independently the same 
as or different from each other and are a hydrogen atom, a hydroxyl group, a substituted or » 
alkenyl, cycloalkyl. aiyl. alkyloxy, aryloxy, aiylalkyloxy, or pyridine group, or Ra and R4 bond 
is a hydroxyiamino. hydroxyl, amino, alkylamino, dialkylamino or alkyloxy gtoup; and n b an L, 
invention also provides a method of selectively Inducing terminal differentiation of neoplastic 
of such cells. Moreover, the present mvention provides a metfiod of treating a patient having 
neoplastic cells. Lastly, die present invention provides a pharmaceutical conqxisition comprising 
a therapeutically acceptable amoum of die compound above. 



(D 



ibstituted, branched or unfaranched alkyl, 
together to form a piperidine group and R2 
from abom 4 to about 8. The present 
cells and thereby inhibiting proliferation 
a tumor characterized by proliferation of 
a pharmaceutically acceptable carrier and 
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NOVEL POTENT INDUCERS OF TERMINAL 
DIFFERENTIATION AND METHODS OF USE THEREOF 

This application is a continuation-in-part of U-S. Serial 
. 5 No. 07/771,760, filed October 4, 1991, the contents of 
which are hereby incorporated by reference in this 
disclosure. The invention described herein was made in 
the course of work under Grant Number CA- 57227 -01 from 
the National Institutes of Health. The United States 
10 Government has certain rights in this invention. 

Backaroi iTir^ the Txiw n^Afsn 

Throughout this application various publications are 
15 referenced by arable numerals within parentheses. Full 
citations for these publications may be found at the end 
of the specification immediately preceding the claims. 
The disclosures of these p\iblications in their entireties 
are hereby incorporated by reference into this 
20 application in order to more fully describe the state of 
the art to which this invention pertains. 

Cancer is a disorder in which a population of cells has 
become, in varying degrees, unresponsive to the control 

25 mechanisms which normally govern proliferation and 
differentiation. For many years there have been two 
principal strategies for chemotherapeutic treatment of 
cancer: a) blocking hormone -dependent tumor cell 
proliferation by interference with the production or 

30 peripheral action of sex hormones; and b) killing cancer 
cells directly by exposing them to cytotoxic substances, 
which injure both neoplastic and normal cell populations. 

35 Relatively recently, cancer therapy is also being 
attenpted by the induction of terminal differentiation of 
the neoplastic cells (1) . In cell culture models 
differentiation has been reported by exposure of cells to 
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a variety of stimuli, including: cyclic AMP and retinoic 
acid (2,3), aclarubicin and other anthracyciines (4). 

There is abundant evidence that neoplastic transformation 
5 does not necessarily destroy the potential of cancer 
cells to differentiate (1.5,6) . There are many examples 
of tumor cells which do not respond to the normal 
regulators of proliferation and appear to be blocked in 
the expression of their differentiation program, and yet 

10 can be induced to differentiate and cease replicating. 
A variety of agents, including some relatively simple 
polar compounds (5,7-9), derivatives of vitamin D and 
retinoic acid (10-12), steroid hormones (13), growth 
factors (6,14), proteases (15,16), tumor promoters 

15 (17,18), and inhibitors of DNA or RNA synthesis (4,19- 
24) , can induce various transformed cell lines and 
primary human tumor explants to . express more 
differentiated characteristics. 

20 Early studies by the present inventors identified a 
series of polar con^jounds that were effective inducers of 
differentiation in a number of transformed cell lines 
(8,9). Of these, the most effective inducer, was the 
hybrid polar/apolar compound N,N' -hexamethylene 

25 bisacetamide (HMBA) (9). The use of this polar/apolar 
compound to induce murine erythroleukemia cells (MELC) to 
undergo erythroid differentiation with suppression of 
oncogenicity has proved a useful model to study inducer- 
mediated differentiation of transformed cells (5,7-9). 

30 HMBA- induced MELC terminal erythroid differentiation is 
a multistep process. Upon addition of HMBA to MELC 
(745A-DS19) in culture, there is a latent period of 10 to 
12 hours before commitment to terminal differentiation is 
detected. Commitment is defined as the capacity of cells 

35 to express terminal differentiation despite removal of 
inducer (25) . Upon continued exposure to HMBA there is 
progressive recruitment of cells to differentiate. The 
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present inventors have reported that MELC cell lines made 
resistant to relatively low levels of vincristine become 
. markedly more sensitive to the inducing action of HMBA 
and can be induced to differentiate with little or no 
5 latent period .(26) . 

HMBA is capable of inducing phenotypic changes consistent 
with differentiation in a broad variety of cells lines 
(5) . The characteristics of the drug induced effect have 

10 been most extensively studied in the murine 
erythroleukemia cell system (MELC) (5,25,27,28). MELC 
induction of differentiation is both time and 
concentration dependent. The minimum concentration 
required to demonstrate an effect in vitro in most 

15 strains is 2 to 3 niM; the minimum duration of continuous 
exposure generally required to induce differentiation in 
a substantial portion (>20%) of the population without 
continuing drug exposure is about 36 hours. 



20 The primary target of action of HMBA is not known. There 
is evidence that protein kinase C is involved in the 
pathway of inducer -mediated differentiation (29) . The in 
vitro studies provided a basis for evaluating the 
potential of HMBA as a cytodif f erentiation agent in the 

25 treatment of humaui cancers (30) . Several phase I 
clinical trials with HMBA have been conpleted (31-36) . 
Clinical trials have shown that this compound can induce 
a therapeutic response in patients with cancer (35,36). 
However, these phase I clinical trials also have 

30 demonstrated that the potential efficacy of HMBA is 
limited, in part, by dose- related toxicity which prevents 
achieving optimal blood levels and by the need for 
intravenous administration of large quantities of the 
agent, over prolonged periods. 

35 

Recently, the present inventors have reported a number of 
compounds related to HMBA with polar groups separated by 
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apolar linkages that, on a molar basis, are as active 
(37) or 100 times more active than HMBA (38) . As a 
class, however, it has been found that the symmetrical 
dimers such as HMBA and related compounds are not the 
5 best cytodif ferentiating agents. 

It has unexpectedly been found that the best compounds 
comprise two polar end groups separated by a flexible 
chain of methylene groups, wherein one or both of the 
10 polar end groups is a large hydrophobic group. 
Preferably, the polar end groups are different and only 
one is a large hydrophobic group. These compounds are 
unexpectedly a thousand times more active than HMBA and 
ten times more active than HMBA related conqpounds. 

15 

This new class of coxrqpounds of the present invention may 
be useful for selectively inducing terminal 
differentiation of neoplastic cells and therefore aid in 
treatment of tumors in patients. 

20 
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Summary of tlie TTl■^roT^^^lflT^ 

The present invention provides the compound having the 
structure: 




herein each of R, and are independently the same as or 
different from each other; when R, and Rj are the same, 
each is a substituted or unsubstituted arylamino, 
cycloalkylamino , pyridineamino , piperidino , 9 - purine - 6 - 

15 amine, or thiazoleamino group; when R, and R^ are 
different, R, = R3-N-R4, wherein each of R3 and R4 are 
independently the same as or different from each other 
and are a hydrogen atom, a hydroxyl group, a substituted 
or unsubstituted, branched or unbranched alkyl, alkenyl, 

20 cycloalkyl, aryl, alkyloxy, aryloxy, arylalkyloxy, or 
pyridine group, or R3 and R4 bond together to form a 
piperidine group and Rj is a hydroxylamino, hydroxyl, 
amino, alkylamino, dialJ^lamino or alkyloxy group; and 
n is an integer from cO^out 4 to about 8. 

25 

The present invention also provides the compound cUaove 
having the structure: 



30 




35 



wherein each of R3 and R4 are independently the same as or 
different from each other and are a hydrogen atom, a 
hydroxyl group, a substituted or unsubstituted, branched 
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10 



15 



20 



25 



30 



or unbranched alkyl, alkenyl, cycloalkyl, aryl, alkyloxy, 
aryloxy, arylalkyloxy, or pyridine group, or Rj and R4 
bond together to form a piperidine group; Rj is a 
hydroxy lamino, hydroxyl, amino, alkylamino, dialkylamino 
or alkyloxy group; and n is an integer from about 4 to 
about 8. 

The present invention also provides the conpound above 
having the structure: 



wherein R is a substituted or unsiibstituted arylamino, 
cycloalkylamino, pyridineamino, piperidino, 9-purine-6- 
amine, or thiazoleamino group; and n is an integer from 
about 4 to about 8. 

The present invention also provides the compound having 
the structure: 



wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
hydroxylamino group, a substituted or unsubstituted 
alkyloxy, alkylamino, dialkylamino, arylamino, 
alkylarylamino, alkyloxyamino. aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group; R is a 
hydrogen atom, a hydroxyl group, a substituted or 
unsubstituted alkyl, aryl, alkyloxy, or aryloxy group; 
and each of m and n are independently the same as or 
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different from each other and are each an integer from 
ckbout 0 to about 8. 

The present invention further provides the con?)Ound 
having the structure: 

w II II / 



X 



^ I I ° 



^1 ^2 



wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
hydroxylamino group, a substituted or unsubstituted 
alky loxy , alkylamino , dialkylamino , arylamino , 

15 alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group; each of 
R, and R2 are independently the same as or different from 
each other and are a hydrogen atom, a hydroxyl group, a 
substituted or xinsubstituted alkyl, aiyl, alkyloxy, or 

20 aryloxy group; and each of m, n, and o are independently 
the same as or different from each other and are each an 
integer from about 0 to about 8, 

The present invention still further provides the compound 
25 having the structure: 

0 




wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
35 hydroxylamino group, a substituted or unsubstituted 
alky loxy , alkylamino , dialkylamino, arylamino , 
alky lary lamino , alkyloxyamino , aryloxyamino , 
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alkyloxyalkylamino, or aryloxyalkylamino group; each of 
R, and Rj are independently the same as or different from 
each other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted alkyl, aryl, alkyloxy, or 
5 aryloxy group; and each of m and n are independently the 
same as or different from each other and are each an 
integer from cibout 0 to about 8. 

The present invention also provides the compound having 
10 the structure: 

\ CH i « /~\^« 1 

CCHgi^ c—m—c f J C— BH— if (CH2K— 



15 

wherein each of X and Y are independently the same as or 
different from each other and are a hydroaqrl, amino or 
hydroxylamino group, a substituted or unsubstituted 
alkyloxy , alkylamino , dialkylamino , arylamino , 
20 alkylarylamino, alkyloxyamino, aryloxyamino , 
alkyloxyalkylamino, or aryloxyalkylamino group; and each 
of m and n are independently the same as or different 
from each other and are each an integer from about 0 to 
about 8. 



25 



30 



The present invention also provides the compound having 
the structure: 

^1 /I ^ ^2 

(CH^)^ c— H { > H— C (CH, 

0 




Wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
35 hydroxylamino group, a substituted or unstibstituted 
alkyloxy, alkylamino, dialkylamino, arylamino, 
alkylarylamino, alkyloxyamino, aryloxyamino, 
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alkyloxyalkylamino, or aryloxyalkylamino group; each of 
R, and R. are independently the same as or different from 
each othar and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted alkyl, aryl, alkyloxy, or 
5 aryloxy group; and each of m and n are independently the 
same as or different from each other and are each an 
integer from about 0 to about 8. 

The present invention further provides the con?)ound 
10 having the structure: 

\ f ^ / 

^^C-C-<CH,^_C-c^ 
H • H ^ 

15 

wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
hydroxylamino group, a substituted or \insubstituted 
alkyloxy, alkylamino, dialkylamino, arylamino, 
20 alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamiho group; and n is 
an integer from about 0 to about 8. 

The present invention still further provides the conpound 
25 having the structure: 

0 R. 0 

W l' // 

X ; I 

30 R2 



wherein each of X and y are independently the same as or 
different from each other and are a hydroxyl, amino or 
hydroxylamino group, a substituted or unsubstituted 
alkyloxy, alkylamino, dialkylamino, arylamino, 
alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group; each of 
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R, and are independently the same as or different from 
each other and are a hydrogen atom, ahydroxyl group, a 
substituted or unsubstituted alkyl, aryl, alkyloxy, 
aryloxy, carbonylhydroxylamino, or fluoro group; and 
each of m and n are independently the same as or 
different from each other and are each an integer from 
about 0 to about 8. 



The present invention also provides the confound having 
10 the structure: 



15 



20 



25 



30 



wherein each of R, and Rj are independently the same as or 
different from each other and are a hydroxyl, alkyloxy, 
amino, hydroxy lamino, alkylamino, dialkylamino, 
arylamino, alkylarylaraino, alkyloxyamino, aryloxyamino, 
alJqrlojqralkylamino, or aryloxyalkylamino group. 

The present invention also provides the compound having 
the structure: 



K / \ // 

0 




C CH=Uh K V rH=cH C 



\ 



wherein each of R, and are independently the same as or 
different from each other and are a hydroxyl. alkyloxy, 
amino, hydroxylamino, alkylamino, dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
35 alkyloxyalkylamino, or aryloxyalkylamino group. 

The present invention further provides the compound 
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having the structure: 




wherein each of R, and are independently the same as or 
different from each other and are a hydroxyl, alkyloxy, 
amino, hydroxyl amino, alkylamino. dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group. 

The present invention further provides the coit?)ound 
having the structure: 



15 0 

li 




wherein each of R, and R, are independently the same as or 
different from each other and are a hydroxyl, alkyloxy. 
25 amino. hydroxylamino, alkylamino, dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino. aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group. 

The present invention further provides the compound 
30 having the structure: 

0 
II 

H=CH— C—R, 



35 




2 
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wherein each of R, and Rj are independently the same as or 
different from each other and are a hydroxy!, alkyloxy, 
amino, hydroxylamino, alkylamino, dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group. 

The present invention further provides the compound 
having the structure: 

0 
II 

^ CH=CH-C-R. 
— e— CH=CH- 



15 




wherein each of R, and R^ are independently the same as or 
different from each other and are a hydroxyl, alkyloxy, 
amino , hydroxylamino, alkylamino , dialky lamino , 
20 arylamino, alkylary lamino, alkyloxyamino, arylooqramino, 
alkyloxyalkylamino, or aryloxyalkylamino group. 

The present invention also provides the pharmaceutically 
acceptable salts of any of the craapounds defined above. 



25 



30 



35 



The present invention further provides a confound having 
the structure: 

O O 

li II 

R-C-N-(CHj)„ -C-NH-OH 
H 



wherein R is a substituted or unsubstituted phenyl, 
piperidine or thiazole group and n is an integer from 
about 4 to about 8 or a pharmaceutically acceptable salt 
thereof . 
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The present invention also provides a compound having the 

S3^ Y•1lr•^ll'rtt . 



Structure : 

O o 
R-C-N-.(CH2)„ -C-NH-OH 
H 

10 wherein R is a substituted or unsubstitued 2 -pyridine, 3- 
pyridine, or 4 -pyridine and n is an integer from about 4 
to about 8 or a phannaceutically acceptable salt thereof . 

The present invention further provides a compound having 
15 the structure: 



O o 

II II 
R-NH-C-N- (CH,). -C-NH-OH 

H 



wherein R is a substituted or xinsubstituted phenyl, 
pyridine, piperidlne or thiazole group and n is an 
25 integer from about 4 to about 8 or a pharmaceutical ly 
acceptable salt thereof. 

In addition, the present invention provides a method of 
selectively inducing terminal differentiation of 
30 neoplastic cells and thereby inhibiting proliferation of 
such cells which comprises contacting the cells under 
suitable conditions with an effective amount of any of 
the con^jounds above, effective to selectively induce 
terminal differentiation. 

35 

The present invention also provides a method of treating 
a patient having a ttimor characterized by proliferation 
of neoplastic cells which comprises administering to the 
patient an effective amount of any of the compounds 
40 above, effective to selectively • induce terminal 
differentiation of such neoplastic cells and thereby 
inhibit their proliferation. 
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The present invention also provides a pharmaceutical 
composition comprising a therapeutically acceptable 
amount of any of the confounds above, or phannaceutically 
acceptable salts thereof, and a phannaceutically 
5 acceptable carrier. 

Lastly, the present invention provides the 

pharmaceutical composition defined above, alone or in 
combination with an antitumor agent, in sustained release 
10 form. 
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Petalled Deserlptela n of fch«> ^^nventlon 

The present invention provides the compoxind having the 
structure:- 

5 

// 

10 wherein each of R, and Rj are independently the same as or 
different from each other; when R, and R^ are the same, 
each is a substituted or unsubstituted arylamino, 
cycloalkyl -amino, pyridineamino, piperidino, 9 -purine- 6- 
amine, or thiazoleamino group; when R, and R^ are. 

15 different, R, = R3-N-R4, wherein each of R, and R^ are 
independently the same as or different from each other 
and are a hydrogen atom, a hydroxyl group, a substituted 
or unsubstituted, branched or unbranched alkyl, alkenyl, 
cycloalkyl, aryl, alkyloxy, aryloxy, arylalkyloxy. or 

20 pyridine group, or R3 and R, bond together to form a 
piperidine group and Rj is a hydroxylamino, hydroxyl, 
amino, alkylamino, dialkylamino or alkyloxy group; and 
n is an integer from about 4 to about 8. 



25 The present invention also provides the compound above 
having the structure: 



0 



30 (CHgJ^C 

0 R, 



wherein each of R, and R^ are independently the same as or 
different from each other and are a hydrogen atom, a 
hydroxyl group, a substituted or unsubstituted, branched 
or unbranched alkyl , alkenyl. cycloalkyl, aryl, alkyloxy, 
aryloxy. arylalkyloxy, or pyridine group, or R3 and R^ 
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bond together to form a piper idine group; Rj is a 
hydroxy lamino, hydroxyl, amino, alkylamino, dialkylamino 
or alkyloxy group; and n is an integer from about 4 to 
about 8. 

5 

In the preferred embodiment of the compound above, is 
a hydroxyl amino, hydroxyl, amino, methylamino, 
dimethylamino, or methyoxy group and n is 6. Most 
preferably, R4 is a hydrogen atom and R3 is a substituted 
10 or unsubstituted phenyl group. 

The phenyl group may be substituted with a methyl, cyano, 
nitro, trif luoromethyl , amino, aminocarbonyl , 
methylcyano, chloro, fluoro, bromo, iodo, 2,3-difluoro, 

15 2,4-difluoro, 2, 5-dif luoro, 3,4-difluoro, 3, 5-difluoro, 
2,6- dif luoro , 1,2,3- t rif luoro , 2,3,6- trif luoro , 2,4,6- 
trif luoro, 3,4,5- trif luoro, 2,3,5,6- tetraf luoro, 
2,3,4,5,6-pentafluoro, azido, hexyl, t -butyl, phenyl, 
carboxyl, hydroxyl, methyoxy, benzyloxy, phenylaminooxy, 

2 0 phenylme thoxy , phenylamino • carbonyl , methyoxycarbony 1 , 
methylaminocarbonyl , dimethylamino, 
dimethylaminocarbonyl, or hydroxylamino- carbonyl group. 

In other preferred embodiments of the compound above, R4 
25 is a hydrogen atom and R3 is a cyclohexyl group; R4 is a 
hydrogen atom and R3 is a methyoxy group; R3 and R4 each 
bond together to form a piperidine group; R4 is a 
hydrogen atom and R3 is a hydroxyl group; R4 is a 
hydrogen atom and R3 is a benzyloxy group; R4 is a 
hydrogen atom and R3 is a 6 -pyridine group; R4 is a 
hydrogen atom and R3 is a B-pyridine group; R4 is a 
hydrogen atom and R3 is a a -pyridine group; R3 and R4 are 
both methyl groups; or R4 is a methyl group and R3 is a 
phenyl group. 
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The present invention also provides the compound having 
the structure: 



10 



30 



0 B 



wherein R is a substituted or unsubstituted arylamino, 
cycloalkylamino, pyridineamino , piperidino, 9-purine-6- 
amine, or thiazcleamino group; and n is an integer from 
about 4 to about 8. 

15 In the preferred embodiment of the ccHipound above, R is 
a s\ibstituted or unsubstituted phenylamino group. The 
phenylamino group may be substituted with a cyano, 
methylcyano, nitro, carboxyl, aminocarbonyl , 
methylaminocarbonyl , dimethy laminocarbony 1 , 

20 trif luoromethyl, hydroxylaminocarbonyl , n- 
hydroxylaminocarbonyl, methoxycarbonyl , chloro, fluoro, 
methyl, methoxy, 2,3-dif luoro, 2, 3-dif luoro, 2,4- 
difluoro, 2,5-difluoro, 2,6-difluoro, 3,5-difluoro, 2,6- 
difluoro, 2,3,6-trifluoro, 1,2, 3 -trif luoro, 3,4,5- 

25 trifluoro, 2,3,4,5-tetraf luoro, or 2,3,4,5,6-pentafluoro 
group . 

In another embodiment of the con^jound above, R is a 
cyclohexylamino group. 



The present invention also provides the con?)ound having 
the structure: 



0 0 0 

W II 



35 /C (CH, > C N C (CH 

R 



/ 
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wherein each of X euid Y are independently the same as or 
different frcmi each other and are a hydroxyl, amino or 
hydroxylamino group, a sxibstituted or unsubstituted 
alkyloxy, alkylamino, dialkylamino, arylamino, 
5 alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group; R is a 
hydrogen atom, a hydroxyl group, a substituted or 
unsubstituted alkyl, aryl, alkyloxy, or aryloxy group; 
and each of m and n are independently the same as or 
10 different from each other and are each an integer from 
about 0 to about 8. 



In the preferred embodiment of the confound above, each 
of X, y, and R is a hydroxyl group and each of m and n is 
15 5. 



The present invention also provides the con?)ound having 
the structure: 



20 



25 



35 



« i // 

/ (CH2 ^C— N (CH2 £— H— C iCE^^C 

■X ' ' T 

Ri Bo 



wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
hydroxylamino group, a substituted or unsubstituted 
alkyloxy, alkylamino, dialkylamino, arylamino, 
30 alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group; each of 
R, and R, are independently the same as or different from 
each other and are a hydrogen atom, a hydrojqrl group, a 
substituted or unsubstituted alkyl, aryl. alkyloxy, or 
aryloxy group; and each of m, n, and o are independently 
the same as or different from each other and are each an 
integer from about 0 to about 8. 
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In the preferred embodiment of the conpound above, each 
of X and Y is a hydroxyl group and each of R, and Rj is a 
methyl group. Most preferably, each of n and o is 6, and 
m is 2. 

The present invention also provides the compound having 
the structure: 



10 




15 wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
hydroxylamino group, a substituted or unsubstituted 
alkyloxy , alkylamino , diallcylamino , arylamino , 
alky lary lamino , alkyloxyamino , aryloxyamino , 

20 alkyloxyalkylamino, or aryloxyalkylamino group; each of 
R, and Rj are independently the same as or different from 
each other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsxibstituted alkyl, aryl, alkyloxy, or 
aryloxy group; and each of m and n are independently the 

25 same as or different from each other and are each an 
integer from about 0 to about 8. 

The present invention also provides the compound having 
the structure: 

30 




wherein each of X and Y are independently the same as or 
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different from each other and are a hydroxyl, amino or 
hydroxylamino group, a sxibstituted or xmsxibstituted 
alkyloxy, alkylamino, dialkylamino, arylamino, 
alkylarylamino, alkyloxyamino, aryloxyamino, 
5 alkyloxyalkyiamino, or aryloscyalkylamino group; and each 
of m and n are independently the same as or different 
from each other and are each an integer from edjout 0 to 
about 8. 

0 In the preferred embodiment of the con^jound above, each 
of X and Y is a hydroxyl group and each of m and n is 5. 

The present invention also provides the compound having 
the structure: 



20 




wherein each of X and Y are independently the same as or 
different frcm each other and are a hydroxyl, amino or 
hydroxylamino group, a stibstituted or unsubstituted 

25 alkyloxy, alkylamino, dialkylamino, arylamino, 
alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkyiamino, or aryloxyalkylamino group; each of 
R, and R, are independently the same as or different from 
each other and are a hydrogen atom, a hydroxyl group, a 

30 substituted or unsvibstituted alkyl, aryl, alkyloxy, or 
aryloxy group; and each of m and n are independently the 
same as or different from each other and are each an 
integer from about 0 to about 8. 
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10 



25 



30 



The present invention also provides the compoxmd having 
the structure: 



_ CHq CHq n 

\ I ' I ' / 

C—C (CH2]^ G— C 

H H ^ 



wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
hydroxylamino group, a substituted or unsubstituted 
alkyloxy, alkylamino, dialkylamino, arylamino, 
alkylarylamino, alkyloxyamino, aryloxyamino, 
15 alkyloxyalkylamino, or aryloxyalkylamino group; and n is 
an integer from about 0 to about 8. 

In the preferred embodiment of the con^jound above, each 
of X and Y is a dimethylamino group eind n is 4 or 5 . 

20 

The present invention also provides the compound having 
the structure: 

0 fl ,0 

X Y 

^2 

wherein each of X and Y are independently the same as or 
different from each other and are a hydroxyl, amino or 
hydroxylamino group, a substituted or unsiibstituted 
alkyloxy. alkylamino, dialkylamino. arylamino, 
alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloaqralkylamino, or aryloxyalkylamino group; each of 
35 R, and are independently the same as or different from 
each other and are a hydrogen atom, a hydroxyl group, a 
substituted or xinsubstituted alkyl, aryl, alkyloxy. 
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arylo^qr. carbonylhydroxylamino, or fluoro group; and 
each of m and n are independently the same as or 
different from each other and are each an integer from 
about 0 to about 8. 

5 

In the preferred embodiment of the compound above, each 
of X and Y is a hydroxylamino group, R, is a methyl group, 
Rj is a hydrogen atom, and each of m and n is 2. In 
another preferred embodiment , each of X and Y is a 
10 hydroxylamino group, R, is a carbonylhydroxylamino group, 
Rj is a hydrogen atom, and each of m and n is 5. In a 
further preferred embodiment, each of X and Y is a 
hydroxylamino group, each of R, and R, is a fluoro group, 
smd each of m and n is 2. 

15 

The present invention also provides the con5>ound having 
the structure: 




wherein each of R, and Rj are independently the same as or 
different from each other and are a hydroxyl, alkylosqr, 
amino, hydroxylamino, alkylamino, dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group. 



Preferably, R, is a phenylamino group and Rj is a 
hydroxylamino group. 
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The present invention also provides the compound having 
the structure: 



\ CH=CH / \ CB==CH C'^ 

0 \=/ R. 



10 wherein each of R, and are independently the same as or 
different from each other and are a hydroxyl, alkyloxy, 
amino, hydroxylamino, alkylamino, dialkylamino, 
arylamino. alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group. 

15 

Preferably, R, is phenyleunino group and Rj is 
hydroxyleunino group. 

The present invention also provides the compound having 
20 the structure: 




25 ,y \ / CH=CH 

^2 

wherein each of R, and R2 are independently the same as or 
different from each other and are a hydroxyl, alkyloxy, 
30 amino, hydroxylamino, alkylamino, dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group. 

In the preferred embodiment, either R, or Rj is a 
35 hydro3<ylamino group. 



The present invention also provides the campovmd having 
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the structure: 



5 




wherein each of R, and Rj are independently the same as or 
different from each other and are a hydroxyl, alkyioxy, 
amino, hydroxylamino, alkylamino, dialkylamino. 
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamlno, or aryloxyalkylamino group. 

In a preferred embodiment, the con^jound above has the 
structure : 



10 



15 



20 



0 



HO — NH — C 



<5 



0 

II 

C — NE — OH 



25 



The present invention also provides a conqoound having the 
structure : 



30 



35 
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wherein each of R, and are independently the same as or 
different from each other and are a hydroxyl, alkyloxy, 
amino, hydroxylamino, alkylamino, dialkylamino, 
arylamino, alkylarylamino , alkyloxyamino, aryloxyamino, 
5 alkyloxyalkylamino, or aryloxyalkylamino group. 

In a preferred embodiment, the con5>ound cJDove has the 
structure : 




The present invention also provides a ccxnpound having the 
structure: 



20 0 

Jl 



25 



30 



0 

II 



Ri — C— CH=CH 




CH=CH— C— Rg 



wherein each of R, and R2 are independently the same as or 
different from each other and are a hydroxyl, alkyloxy, 
amino, hydroxylamino, alkylamino, dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group. 



In the preferred embodiment, the coit5)ound defined above 
has the structure: 
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0 
II 

Q CH=CH — C — KH — OH 

^ II y <^ 

HO — NB — C — CH = CH \ 

The present invention also provides the phannaceutically 
10 acceptable salts of any of the compounds defined above. 

The present invention further provides a compound having 
the structure: 

15 O o 

i \ 

R-C-N-{CHj)„ -C-NH-OH 
H 



wherein R is a sxibstituted or unsubstituted phenyl, 
piperidine or thiazole group and n is an integer from 
about 4 to about 8 or a phannaceutically acceptable salt 
25 thereof. 



In a preferred embodiment of the conqpound defined above 
R is a substituted phenyl group. In a more preferred 
embodiment the phenyl group is substituted with a methyl, 

30 cyano, nitro, thio, trif luoromethyl , amino, 
aminocarbonyl, methylcyano, chloro, fluoro, bromo, iodo, 
2,3-difluoro, 2.4-dif luoro, 2,5-difluoro, 3.4-difluoro. 
3,5-difluoro, 2, 6-difluoro, 1,2, 3- trif luoro, 2,3,6- 
trifluoro, 2,4,6-trifluoro, 3,4,5-trifluoro, 2,3,5,6- 

35 tetrafluoro, 2,3,4,5,6-pentafluoro, azido, hexyl, t- 
butyl, phenyl, carbosqri, hydroxyl, methyoxy, phenyloxy, 
benzyloxy, phenyl ami nooxy, phenylaminocarbonyl , 
methyoxycarbonyl , methylaminocarbonyl , dimethylamino, 
dimethylamino-carbonyl, or hydroxylaminocarbonyl group. 
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The present invention also provides a compound having the 
structure: 

0 O 

1 II 
R-C-N- (CH,). -C-NH-OH 



10 wherein R is a substituted or unsubstitued 2 -pyridine. 3- 
pyridine, or 4 -pyridine and n is an integer from about 4 
to about 8 or a pharmaceutically acceptable salt thereof. 

The present invention further provides a compound having 
15 the structure: 



20 



25 



R-NH-C-N- (CHj)„ -C-NH-OH 
H 

wherein R is a substituted or unsubstituted phenyl, 
pyridine, piperidine or thiazole group and n is an 
integer from about 4 to about 8 or a pharmaceutically 
acceptable salt thereof. 



In a preferred embodiment of the conqpotind defined above, 
R is a substituted phenyl group. In a more preferred 

30 embodiment, the phenyl group is substituted with a 
methyl, cyano, nitro, thio, trifluoromethyl, amino, 
aminocarbonyl , methylcyano, chloro, fluoro, bromo, iodo, 
2,3-difluoro, 2,4-difluoro, 2,5-difluoro, 3 , 4-dif luoro, 
3,5-difluoro, 2,6-difluoro, 1,2,3-trifluoro, 2,3,6- 

35 trifluoro, 2,4,6-trifluoro, 3,4,5-trifluoro, 2,3,5,6- 
tetraflubro, 2,3,4,5, 6 -pentaf luoro, azido, hexyl, t- 
butyl, phenyl, carboxyl, hydroxyl, methyoxy, phenyloxy, 
benzyloxy, phenylaminooxy, phenylaminocarbonyl , 
methyoxycarbonyl, methylaminocarbonyl , dimethylamino, 

40 dimethylamino- carbonyl, or hydroxylaminocarbonyl group. 

In a further preferred embodiment the confound defined 
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above has the structure: 




{CH-,)s -C-NH-OH 



or a pharmaceutically acceptable salt thereof. 

In a further preferred embodiment the compound defined 
10 above has the structure: 



15 




Cl-^ ^ ^CJ-NH-(CH,), -^-NH-OH 

0 

or a pharmaceutically acceptable salt thereof. 

The present invention further provides a method of 
selectively inducing terminal differentiation of 
neoplastic cells and thereby inhibiting proliferation of 
such cells which conprises contacting • the cells under 
suitable conditions with an effective amount of any of 
the compounds above, effective to selectively induce 
terminal differentiation. 

The contacting must be performed continuously for a 
prolonged period of time, i.e. for at least 48 hours, 
preferably for about 4-5 days or longer. 



The method may be practiced jja vivo or is vitro , if the 
method is practiced is v3,tyQ. contacting may be effected 
by incubating the cells with the confound. The 
concentration of the compound in contact with the cells 
should be from about l ^ to about 25 mM, preferably from 
35 4 MM to about 5 niM. The concentration depends upon the 
individual compound and the state of the neoplastic 
cells. 
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The method may also comprise initially treating the cells 
with an antitumor agent so as to render them resistant to 
an antitumor agent and subsequently contacting the 
resulting resistant cells under suitable conditions with 
an effective amount of any of the compounds above, 
effective to selectively induce terminal differentiation 
of such cells. 

The antitumor agent may be one of numerous chemotherapy 
agents such as an alkylating agent, an antimetabolite, a 
hormonal agent, an antibiotic, colchicine, a vinca 
alkaloid, L- asparaginase, procarbazine, hydroxyurea, 
mitotane, nitrosoureas or an imidazole carboxamide . 
Suitable agents are 'those agents which promote 
15 depolarization of tubulin. Preferably the antitumor 
agent is colchicine or a vinca alkaloid; especially 
preferred are vinblastine and vincristine. in 
embodiments where the antitumor agent is vincristine, the 
cells preferably are treated so that they are resistant 
20 to vincristine at a concentration of about 5 mg/ml. The 
treating of the cells to render them resistant to an 
antitumor agent may be effected by contacting the cells 
with the agent for a period of at least 3-5 days. The 
contacting of the resulting cells with any of the 
25 con^xjunds above is performed as described previously. 

The present invention also provides a method of treating 
a patient having a tumor characterized by proliferation 
of neoplastic cells which comprises administering to the 
patient an effective amount of euay of the con5)otmds 
above, or pharmaceutically acceptable salts thereof, 
effective to selectively induce terminal differentiation 
of such neoplastic cells and thereby inhibit their 
proliferation. 



30 



35 



The method of the present invention is intended for the 
treatment of human patients with tiimors. However, it is 
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also likely that the method would be effective in the 
treatment of tumors in other mammals. The term tumor is 
intended to include any cancer caused by the 
proliferation of neoplastic cells, such as lung cancer, 
5 acute lymphoid myeloma, bladder melanoma. renai 
carcinoma, breast carcinoma, or colorectal carcinoma. 
The administration of the compound to the patient may be 
effected orally or parenterally. To date, administration 
intravenously has proven to be effective. The 

10 administration of the con5>ound must be performed, 
continuously for a prolonged period of time, such as for 
at least 3 days and preferably more than 5 days. In the 
most preferred embodiments, the administration is 
effected continuously for at least 10 days and is 

15 repeated at intervals wherein at each interval the 
administration is continuously effected for at least 10 
days. For example, the administration may be effected at 
intervals as short as 5-10 days, up to about 25-35 days 
and continuously for at least 10 days during each, such 

20 interval. The optimal interval period will vary 
depending on the type of patient and tumor. For example, 
in the incidence of acute leukemia, the so called 
myelodysplastic syndrome, continuous infusion would seem 
to be indicated so long as the patient tolerated the drug 

25 without toxicity and there was a positive response. 

The amotint of the compound administered to the patient is 
less than an amount which would cause toxicity in the 
patient, in the certain embodiments, the amount of the 
compound which is administered to the patient is less 
than the amount which causes a concentration of the 
compound in the patient's plasma to equal or exceed the 
toxic level of the confound. Preferably, the 
concentration of the con?)ound in the patient's plasma is 
35 maintained at about 1.0 mM. It has been found with HMBA 
that administration of the confound in an amount from 
about 5 gm/mVday to about 30 gm/m*/day, particularly 



30 



W09S01977 



PCT/DS9S/065S4 



■31 



about 20 gm/mVday. is effective without producing 
toxicity in the patient. The optimal amount of che 
compound which should be administered to the patient in 
Che practice of the present invention will depend on che 
5 particular compound used and the type of cancer being 
treated. 

This invention, in addition to the above listed 
compounds, is intended to encompass the use of homologs 
10 and analogs of such compounds. In this context, homologs 
are molecules having substantial structural similarities 
to the above-described compounds and analogs are 
molecules having substantial biological similarities 
regardless of structural similarities. 

The method may also comprise initially administering to 
the patient an amount of an antitumor agent to render the 
cells resistant to an antitumor agent and subsequently 
administering to the patient an effective amount of any 
of the compounds above, or pharmaceutically acceptable 
salts thereof, effective to selectively induce terminal 
differentiation of such neoplastic cells and thereby 
inhibit their proliferation. 



15 



20 



25 The antitumor agent may be one of numerous chemotherapy 
agents such as an alkylating agent, an antimetabolite, a 
hormonal agent, an antibiotic, colchicine, a vinca 
alkaloid, L- asparaginase, procarbazine, hydroxyurea, 
mitotane, nitrosoureas or an imidazole carboxamide. 

30 Suitable agents are those agents which promote 
depolarization of tubulin. Preferably the antitumor 
agent is colchicine or a vinca alkaloid; especially 
preferred are vinblastine and vincristine. in 
embodiments where the antitumor agent is vincristine, an 

35 amount is administered to render the cells are resistant 
to vincristine at a concentration of about 5 mg/ml. The 
administration of the agent is performed essentially as 
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described above for che adminiscracion of any of zhe 
compounds. Preferably, the administration of the agent 
is for a period of at least 3-5 days. The administration 
of any of the compounds above is performed as described 
5 previously. 

The present invention also provides a pharmaceutical 
composition comprising a therapeutically acceptable 
amount of any of the compounds above, or pharmaceutically 

10 acceptable salts thereof, and a pharmaceutically 
acceptable carrier, such as. sterile pyrogen-free water. 
Preferably, the therapeutically acceptable amount is an 
amount effective to selectively induce terminal 
differentiation of suitable neoplastic cells and less 

15 than an amovmt which causes toxicity in a patient. 

The present invention provides the pharmaceutical 
ccw?)osition above in combination with an antitumor agent . 
The antitumor agent may be any of the agents previously 
20 described. 

Lastly, the present invention provides the pharmaceutical 
composition above, alone or in combination with an 
antitumor agent, in sustained release form. By 
25 "sustained release form" applicants mean incorporation of 
the pharmaceutical ccanpositions in a pharmaceutically 
acceptable formulation which provides for the sustained 
release of a therapeutically effective amount of the 
compounds of this invention over a period of time 
necessary to derive the intended therapeutic effect. 
Sustained release formulations of pharmaceutical 
con^ositions allow for less frequent administration of 
the con?>ound and provide for administration of the 
pharmaceutical composition at or near the target area in 
35 a subject's system. Sustained release formulations and 
methods of incorporating pharmaceutical compositions 
therein are well known to those of ordinary skill in the 
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art. Examples include, but are. not limited to. such 
formulations as incorporation into ion exchange resins 
(U.S. Patent No. 5,296,228 to Chang et al.). xanthan gums 
(U.S. Patent No. 5,292,534 to Valentine et al.;. 
microspheres (U.S. Patent No. 5.288,502 to McGinity et 
al.) hydrogels (U.S. Patent No. 5.266,325 to Kuzma et 
al.) and solid forms such as wax- like or fat- like 
hydrophobic substances containing water insoluble 
polymers (U.S. Patent No. 5,270,055 to Moest) . Methods 
of administering compounds for sustained release are also 
known in the art and include, but are not limited to. 
surgical implantation of microencapsulated pharmaceutical 
compounds near the intended target site (U.S. Patent No. 
5,290,271 to Jemberg) and incorporation of confound into 
15 transdermal patches (U.S. Patent No. 5,298,256 to 
Flockhart et al. and U.S. Patent No. 5,290,561 to 
Farhadieh et al.). The text of the above cited patents 
and the references disclosed therein are hereby 
encorporated by reference in their entirety into this 
20 disclosure . 

The invention is illustrated in the Experimental Details 
section which follows. This section is set forth to aid 
in an understanding of the invention but is not intended 
25 to, and should not be construed to. limit in any way the 
invention as set forth in the claims which follow 
thereafter. 
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Experimental Details 
Cells a nd MatPr-T^iQ 

5 MELC 745A-DS19 cells and the variants of MELC derived 
from this cell line, namely, the vincristine-resistant 
MELC V3.17 and VCR.C(2)15 cell lines (26). and the 
dimethylsulfoxide-resistant cell line. DRIO (39). were 
maintained in alpha minimal essential medium containing 

10 10% fetal calf serum (16) . Cell cultures for all 
experiments were initiated with cells in logarithmic 
growth phase (day 2 cultured cells), at a density of 10* 
cells/ml. Inducer compounds were added in the final 
concentrations indicate'd below, dissolved in culture 

15 medium without fetal calf serum unless otherwise 
indicated. Cell density and benzidine reactively were 
determined as described (16) . 

Commitment to terminal differentiation, characterized by 
20 limited cell division (colony size <32 cells) and 
accumulation of hemoglobin (benzidine reactive colonies) 
was assayed by a colony cloning assay using 2% 
methylcellulose as described (25) (see Table 1 for 
results) . 



25 



30 



HL-60 human leukemia cells, derived from peripheral blood 
leu)cocytes of a patient with acute promyelocytic leulcemia 
(40) . Induced differentiation of HL-60 cells assayed by 
determining the proportion of cells that developed the 
capacity to reduce nitroblue tetrazolium (NBT) (41) (see 
Table 2 for results) . 
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ChemisEry 

The compounds having che si;ructure : 

C 
// 

NHOK 

Preparation of PhCH,ONHOC(CHj)4COOCH3: 



A solution of suberic acid monomethyl ester (1.9 g; o.Ol 
mol), oxaloyl chloride (1.75 mL; 2.54 g; 0.02 mol) and 
0.1 mL DMF in benzene (200 mL) was stirred overnight at 
room tenperature . The solvent was evaporated and oily 
15 residue was dissolved in chloroform (-20 mL) and mixed 
together with chloroform solution (100 mL) of O- 
benzylhydroxylamine (2.46 g; 0.02 mol) and pyridine (1.6 
mL; 1.68 g; 0.02 mol) . The reaction mixture was stirred 
at room temperature overnight. The chloroform solution 
was washed with water (50 mL) , 10% hydrochloric acid, and 
again with water (2 x 50 mL) . The organic layer was 
dried over anhydrous magnesium sulfate and evaporated. 
The solid residue was slurried in hexanes (-100 mL) amd 
filtered. The yield of PhCH20NHOC(CK2)4COOCHj was 2.61 g 
25 (89%) . 



30 




35 



The above sxiberic acid monobenzyloxyamide monomethyl 
ester (i g; 3.4 mol) was dissolved in dry methcuiol (50 



W09S3W77 



PCT/US9SA)65S4 



-36- 



10 



mL; and 5% Pd-C {50 mg) was added. The black suspension 
was shaken under hydrogen pressure (-50 psi) overnight at 
room temperature. The catalyst was separated by 
filtration, and filtrate was evaporated. The solid 
residue was slurried in hexanes (-20 mL) and filtered. 
The yield of the monomethyl ester monohydroxamic acid of 
suberic acid was 900 mg (95%) . 

'H NMR (DMSO-d,. 200 MHz) , « (ppm) 10.31 (s, NHOH, IH) ; 
8.89 (S. broad, NHOH. IH) ; 3.57 (s, CH„ 3H) ; 2.27 (t! 
J=7.4Hz, CHjCOOCHj, 2H) ; 1.91 (t, J=7.4Hz, CH,CONHOH, 2H) ; 
1.49 (m, 4H), 1.24 (m,4H). 



nc 0 0 

^5 % // 



r (CH, 



OH 



20 



Suberic acid monobenzylo^qramide monomethyl ester (ig; 3.4 
mmol) and potassium hydroxide (210 mg; 3.75 mmol) were 
dissolved in 10 mL of methanol -water (4:1)' mixture. The 
reaction mixture was refluxed two hours and solvent was 
evaporated. The solid residue was dissolved in 5 mL 
25 water and acidified with cone, hydrochloric acid to pH~5. 
White precipitate was filtered, dried and crystallized 
from ethyl acetate -hexanes. The yield of suberic acid 
monobenzyloxyamide was 820 mg (86%). The product was 
dissolved In methanol (50 tnL) and 5% Pd-C (SO mg) was 
30 added. The reaction mixture was shaken under hydrogen 
pressure (50 psi) overnight. The catalyst was separated 
by filtration and filtrate was evaporated. The solid 
residue was slurried in hexanes and filtered. The yield 
of suberic acid monohydroxamic acid was 520 mg (81%) . 'H 
35 NMR (DMSO-d«, 200 MHz) , 6(ppm) 11.96 (s, broad, COOH, IH) ; 
10.31 (s, NHOH, IH); 8.63 (s, broad, NHOH. IH) ; 2.17 (s. 
J-7.4HZ, CH,C0OH, 2H) ; 1.91 (s. CHjCONHOH. 2H) ; 1.46 (m. 
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4H) ; 1.22 (m, 4H) . 

Compounds having thp structiiT-P»' 



0 
// 



0 

II 

— 11 c ;CH- y- 

^1 • n 'x 

g NHOH 



General ProgediiT-t> 



A pyridine {500 mL) solution of O-benzylhydroxylamine 
(2.46 g; 0.02 mol) , the corresponding amine (0.02 mol) 

15 and suberoyl chloride was stirred at room temperature 
overnight. The solvent was evaporated and the semisolid 
residue was dissolved in lOOO mL chloroform-methanol 
(4:1); the resulting solution was washed with water (2 x 
100 mL), 10% hydrochloric acid (3 x 100 mL) , and again 

20 with water (2 x 100 mL) . Organic layer was dried over 
anhydrous magnesium sulfate and evaporated. The solid 
residue was dissolved in methanol (100 mL) and 5% Pd-C 
was added. The black suspension was shaken under 
hydrogen pressure (-50 psi) overnight. The catalyst was 

25 separated by filtration, and the filtrate was evaporated. 
The target products were isolated by column 
chromatography on silica gel with ethyl acetate- 
tetrahydrof uraui . 



0 0 



,C (CH, . ^ 

/ 6 \ 

NHOCH. 



35 



Yield 1.1 g (26%). »H NMR (DMSO-D,, 200 MHz), 6 (ppm) 
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10.93 (s, NHOCH3, IH); 10.32 (s, NHOH, IH) ; 8.66 (s, NHOH, 
IH); 3.55 (s, CH3, 3H) ; 1.91 It, J=7,6Hz, CH:C0-,4H); 1,45 
(m, 4H) ; 1.20 (m, 4H) . 



X II 



HOHN 



,CK2 t — c — ^rH — 



Yield 1.2 g {21%). 'H NMR (DMSO-d«, 200 MHz). 6 (ppm) 
10-31 (s. NHOH. IH); 8.60 (s. broad, NHOH, IH) ; 7.57 (d. 
J=7.6Hz, NH-C«H„. IH) , 3.40 (m, CH-NH, IH) ; 1.99 (t, 
J=7Hz, CHjCONHC^,,, 2H) ; 1.91 (t, J=7.6Hz, CHjCONHOH. 2H) 
.15 1.63 (m, 4H); 1.44 (m, 6H) ; 1.20 (m, 8H) . 



0 0 
,C (CH, ) c 



20 HOHK 



K(CHo ) 
2 



Yield 870 mg (20%). «H NMR (DMSO-D«, 200 MHz), 5 (ppm) 
10.31 (s, NHOH, IH); 8.67 (s, broad, NHOH, IH) ; 2.85 (d, 
25 J=30Hz, N(CH3)j, 6H) ; 2.24 (t, J=7.4Hz, CHACON ( CH, ) , 2H) ! 
1.91 (t, J=7.4Hz, CHaCOONHOH, 2H);.1.50 (m, 4H) ; 1.20 (m, 
4H) . 




35 



Yield 1.4 g (27%); «H NMR (DMSO-d^, 200 MHz). 6 (ppm) 10.31 
(S. NHOH, IH); 8.67 (s, NHOH, IH); 3.40 (2t, CHjN, 4H) ; 
2.20 (t, J=7.4 Hz, CHjC0N(CH,)3, 2H) ; 1.91 (t, J=7.4Hz, 
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CHjCONHOH, 2H); 1.10-1.60 (m. broad, 14 H) 
Compound having structure : 



0. 0 
\ // 
C (CH, ) c 

/ % \ 

^^^^ NHOCH,C.Hc 

The chloroform (500 inL) solution of O-benzylhydroxylamine 
(1.23 g; 0.01 mol), 0- (trimechylsilyDhydroxylamine (l.i 
g; 0.01 mol), pyridine (1.6 mL; 1.7 g; 0.02 mol) and 
suberoyl chloride (1.8 hIL; 2.11 g; o.Ol mol) was stirred 
at room temperature overnight. The reaction suspension 
was diluted with methanol (lOO mL) , washed with 10% 
hydrochloric acid (3 x 100 mL) . The organic layer was 
dried over anhydrous magnesium sulfate and evaporated. 
The solid residue was subjected to chromatography on 
silica gel in ethyl acetate -tetrahydrofuran (4:1). The 
yield was 500 mg (17%). »H NMR (DMSO-d«, 200 MHz). 6{ppm) 
11.09 (s, NHOCHjCsH,, IH) ; 10.31 (s, NHOH, IH) ; 8.67 (s, 
broad, NHOH, IH); 7.36 (s, QH,. 5H) . 4.76 (s. CH^Cyj,, 2H) ,- 
1.92 (t, J=7.4H2, CHjCO-, 4H); 1.45 (m, 4H) ; 1.20 (m, 4H) . 

Compound having the H^Tn< ;'^^1l-y. 



30 (CH2)CN 

HOHN 



Into a cooled solution of potassium hydroxide (2.24 g; 
0.04 mol) and O-benzylhydroxylamine hydrochloride in 30 
mL of tetrahydrofuran- water (l-.i) mixture, 6- 
bromohexanoyl chloride (3.1 mL; 4.27 g; 0.02 mol) was 
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added. The reaction mixture was stirred at 
temperature for one hour. The solvent was evaporated and 
solid residue was partitioned between chloroform (200 mL) 
and water (100 mL) . Chloroform layer was washed with 10% 
hydrochloric acid (3 x 50 mL) and water (2 x 50 mL) . The 
organic layer was dried over anhydrous magnesium sulfate 
and evaporated. The product was purified by 

crystallization from ethyl acetate-hexanes. The yield of 
N-benzyloxy-6-bromohexanoyl amide was 4.7 g (78%). A 
dimethylsulfoxide (250 mL) solution of N-benzyloxy-6- 
bromohexanoyl amide (4.5 g; 15 romol) and sodium cyanide 
(7.35 g; 0.15 mol) was heated at 130»C overnight. The 
solvent was evaporated and solid residue was partitioned 
between chloroform (300 mL) and water (300 mL) . The 
chloroform layer was washed with water (5 x 100 mL) , 
dried over anhydrous magnesium sulfate, and evaporated. 
The oily residue was purified by column chromatography on 
silica gel in ethyl acetate -tetrahydrofuran (4:1) as an 
eluent. The yield of N-benzyloxy-6-cyanohexanoylamide 
was 1.62 g (43%). The product was dissolved in methanol 
(50 mL) and 5% Pd-C (lOO mg) was added. The black 
suspension was shalcen under hydrogen pressure (-50 psi) 
overnight. The catalyst was isolated by filtration and 
filtrate was evaporated. The solid residue was slurried 
25 in hexanes (-20 mL) and filtered. The yield of N- 
hydrcxy-e-cyanohexanoylamide was 900 mg (overall yield 
30%). 'H NMR (DMSO-d«. 200 MHz), fi(ppm) 10.32 (s, NHOH. 
IH); 8.65 (s, NHOH, IH) ; 2.45 (t,J=7Hz. CHjCN, 2H) 1.93 
(t, J-7HZ, CHjCONHOH. 2H) ; 1.49 (m, 4H) ; 1.33 (m, 2H) . 



Compounds having hhe atrurMirq. 



II / 



0 
II 

•C (CHg 



h \ 

OH 
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General P rocedure 

A diacid dichloride (O.Oi mol) was added into a cooled 
(0°C) solution of potassium hydroxide (1.12 g; 0.02 mol) 
5 and corresponding amine (0.01 mol) in 30 mL of 
tetrahydrofuran-water (i:i) mixture. The reaction 
^ mixture was stirred at room temperature about one hour. 

Solvent was evaporated and the solid residue was 
partitioned between chloroform (300 mL) and water (300 
10 mL) . In some cases a small amount of methanol is 
necessary to dissolve all solid. The organic layer was 
washed with 10% potassium hydroxide (3 x 30 mL) . The 
basic water extract was acidified with 10% hydrochloric 
acid. The precipitate was collected by filtration, dried 
and purified by crystallization from ethyl acetate or by 
column chromatography on silica gel in ethyl acetate - 
tetrahydrofuran (4:1). The yields are from 20-37%. 



15 



20 




25 

'H NMR (DMSO-d«, 200 MHz), 6 (ppm) 11.97 (s, COOH, IH) ; 
9.84 (s, NH, IH); 7.57 (d, J=7.4Hz, ortho aromatic 
protons, 2H); 7.26 (t, J=8.4Hz, meta aromatic protons, 
2H) ; 6,99 (t, J=7.4H2, para aromatic proton, IH) , 2.27 
30 (t, J-7HZ, CHjCX)NHPh, 2H) ; 2.18 (t, J=7.2HZ, 2H) ; 1.52 (m, 
4H); 1.28 (m, 4H) . 




40 



'H NMR (DMSO-d«, 200 MHz), 6 (ppm) 11.95 (s, COOH, IH) ; 
10.20 (s, NH, IH) ; 8.10 (s, arcanatic proton, IH) ; 7.75 
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(m, aromatic procon, IH) ; 7.45 (m. aromacic proton. 2H) : 
2.28 (t.J=7.4Hz, CH,CONHAr, 2H) ; 2.21 (t,J=7.2Hz, CH,COOH, 
2H); 1.46 (m, 4H) ; 1.20 (m, 4H) . 



10 



15 



20 




CH 



'H NMR (DMS0-d4, 200 MHz), 6 (ppm) 11.95 (s, COOH, IH) ; 
10.29 (s, NH, IH); 7.75 (s, aromatic protons, 4H) ; 2.33 
(t, J=7.2Hz, CHjCONHAr, 2H) ; 2.18 (t. J=7.4Hz, CH,COOH, 
2H); 1.53 (m. 4H); 1.27 (m, 4H) . 




25 



'H NMR (DMSO-d«, 200MHz) , 11.98 (s, broad, COOH, IH) ; 
10.48 (s, NH, IH); 8.21 (d, J=9.2Hz, aromatic protons. 
2H) ; 7.82 (d, J»9.2Hz, aromatic proton, 2H) ; 2.36 (t, 
J=7.4Hz. CHjCONHAr, 2H) ; 2.18 (t, J=7.2Hz, CH2COOH. 2H) ; 
1-55 (m, 4H); 1.29 (m, 4H) . 



30 



35 



40 




0 
II 

-C- 



(CHg ) 

6 ^OH 



•h NMR (DMSO-dj, 200 MHz), 6 (ppm) 12.00 (s, broad COOH, 
IH); 10.24 (s, NH. IH) ; 8.38 (d, J=S.8Hz, aromatic 
protons, 2H); 7.55 (d, J=5.8Hz, aromatic protons, 2H) ; 
2.33 (t, J=7.2H2, CHjCONHAr, 2H) ; 2.18 (t. J=7.2Hz, 
CH2COOH); 1.52 (m, 4H); 1.27 (m, 4H) . 
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*H NMR {DMSO-'d^, 20OMH2) , 6{ppin) 11.95 (s, COOH, IH) ; 7.58 
5 (d, J=8Hz); 3.50 (m, CH, IH) ; 2.17 (t, J=7.2Hz, CH:COOH, 
2H); 2.00 (t, J=7Hz, CHjCONH-, 2H) ; 1.60 (m, 4H) ; 1.46 {m. 
6H) ; 1.20 (m, 8H) .In the same way the following compounds 
were prepared and characterized: 




wherein n = 4, 5, 6, 7/ and 8; R is hydrogen; 2-, 3-, 
and 4-cycmo; 2-, 3-, and 4-nitro; 2-, 3-, and 4- 
methylcyano; 2-, 3-, and 4-trifluoromethyl; 2-, 3-, and 
4-fluoro; 

20 




wherein n « 4, 5, 6, 7, and 8; 



30 




35 wherein n 4, 5, 6, 7, and 8; 
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Wherein n = 4, 5, 6. 7, and 8; 

5 




wherein R is 2-. 3-. and 4-carboxy; 2-, 3-, and 4- 
aminocarbonyl; 2-, 3-, and 4-methylaininocarbonyl; 2-, 
3-, and 4-dimethylaminocarbonyl; 2-, 3-, and 4-chloro; 
2-, 3-, and 4-broino; 2-, 3-, and 4-iodo; 2-. 3, and 4- 
methyl; 2-, 3-. and 4 methoxy; 2-, 3-, and 4 -hydroxy ; 
2-, 3-, and 4-amino; and 2-, 2-, and 4-dimethylamino. 
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Compound s having the general structure r 

C 
// 

CH 

wherein n - 4, 5, 6, and 7. 

10 

General Procedure f 

A pyridine (500 mL) suspension of O-benzylhydroxylamine 
hydrochloride (3.2 g; 0.02 mol) and the corresponding 

15 diacid dichloride (0.04 mol) was stirred at room 
ten^erature for three days. Water (10 mL) was added and 
stirring was continued overnight. The solvent was 
evaporated and solid residue was purified by column 
chromatography on silica gel in tetrahydrofuran -methanol . 

20 The diacid product was dissolved in methanol (100 mL) and 
5% Pd-C (100 mg) was added. The reaction suspension was 
shaken overnight under hydrogen pressure (-50 psi) . The 
catalyst was separated by filtration, solid residue was 
washed with hot methanol (5 x 50 ml) . The combined 

25 methanolic filtrates were evaporated. The solid residue 
was slurried in acetone euid filtered. The yield was 10- 
20%. 

General procedure B 

30 

A pyridine (500 ml) solution of O-benzylhydroxylamine 
(2.46 g; 0-02 mol) cuad the corresponding dicarboxylic 
acid monobenzyl ester monoacid chloride (0.04 mol) was 
stirred at room temperature overnight. The solvent was 
35 evaporated. The semisolid residue was dissolved in 
chloroform (300 mL) and extracted with 5% hydrochloric 
acid (2 X 50 mL) , 10% potassitim hydroxide (3 x 100 mL) , 



:h 



2 n 



II 

-c- 



II 

•c- 



Sv 



OH 
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and water (2 x 100 mL) . The organic layer was dried ove- 
anhydrous magnesium sulfate and evaporated. The sol^d 
residue was purified by column chromatography on silica 
gel m ethyl acetate. The tribenzyl product was 
5 dissolved in methanol (lOO mL) and 5% Pd-C {100 mg) was 
added. The reaction suspension was shaken under hydrogen 
pressure (-50 psi) at room temperature overnight. The 
solid was separated by filtration and washed with hot 
methanol (5 x SO mL) . The combined methanol filtrates 
10 were evaporated to solid residue. The solid residue was 
slurried in cooled acetone and filtered. The yield of 
target product was 30-60%. 



15 



0 II 2 0 
^ II II // 
C (CH2) C H C (CH9) c 

OH 

'HNMR (DMSO-d,. 200MH2) , 6 (ppm) 11.53 (s, COOH, IH) ; 2.41 

(t, J=7.2Hz, CH,CON(OH)COCH„ 4H) ; 2.18 (t, J=7 OHz 

CH^COOH. 4H); 1.52 (m. 8h) , 1.22 (m, H> . MS (FAB,' 
glycerin) 346 (M + i) 



25 



30 



Compounds havin g the a^-ructiuy> >- 



Brt I 0 \ 

CH3 CH3 OH 



A pyridine (500 mL) solution of the monomethyl ester 
monoacid chloride of dicarboxylic acid (0.02 mol) and 
N,N' - dimethyl -i,«-diaminoalJcane (0.01 mol) was stirred at 
room temperature overnight. Solvent was evaporated and 
oily residue was dissolved in chloroform (300 mL) . 
Chloroform solution was washed with water (3 x 50 mL) , 
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10% potassium hydroxide (3 x 50 mL) , io% hydrochloric 
acid (3 X 50 mL) , and again with water (3 x 50 inL) . The 
organic layer was dried and evaporated. The oily residue 
was dissolved in potassium hydroxide (1.2 g; 0.021 mol) 
in 80% methanol (lOO mL) . The reaction mixture was 
refluxed two hours. The solvent was evaporated and solid 
residue was dissolved in water (50 mL) and extracted with 
chloroform (3 x 50 mL) . Water solution was acidified to 
pH-5 and concentrated (to volume of about 10 mL) . The 
water solution or suspension was cooled down and 
precipitate was separated by filtration. The solid 
product was purified by crystallization from ethyl 
acetate. The yield was 40-60%. 

-V 0 n 



(CH, 



HO 



-H (CH2)- 

1 2 
CH, 



I 

CH 



C (CH, 



O 
// 



OH 



•HNMR (CDClj, 200 MHz), 6 (ppm) 8.15 (s, broad. COOH, 2H) ; 
3.52 * 3.45 (2s. CH^. 4H) ; 3.01 + 2,93 (2s, CH,N. 6H) ; 
2.30 (4t. CH^CO, 8H); 1.60 (m. 8H) ; 1.32 (m, 8H) . 
'H NMR (DMSO-d«. 200 MHz). 6 (ppm) 3.44 * 3.3'36 + 3.36 (3s, 
CHjN. 4H); 2.94 + 2.90 + 2.79 (3s, CHjN, 6H) ; 2.27 + 2.23 
+ 2.12 (3t. CHjCO. 8H); 1.46 (m. 8H) ; 1.23 (m. 8H) . 



ComDoundg havi ng the structure* ! 



30 



ICB, I C — M- 




O 0 
11 It 
C HI — C (CH 



0 

// 



OH 



35 



A pyridine (500 mL) solution of 6-aminocapric acid (2.6 
g; 0.02 mol) and terephthaloyl chloride (2 g; 0.01 mol) 
was stirred at room temperature overnight (-12 hours), 
and at 90"»C for 23 hours. The solvent was evaporated, 
and the solid residue was crystallized from water (10 mL) 
four times. The yield was 800 mg (19%) . >H NMR (DMSO-d*. 
200 MH), 6(ppm) 12.8 (s. broad, CX)OH, 2H) ; 8.54 + 7.72 
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(2C, NH, 2H) ; 3.24 * 2.98 (2m, NHCH,, 4H) ; 2.20 + 2.03 
I2m. CH,CO, 4H); 1.50 (m. 8H) ; 1.32 (m, 4H)., 

Compound having rhe st:ruf7hvrf>. 



Into a mixture of aniline (2.75 g; 0-03 mol) . 
hydroxyl amine hydrochloride (2.08 g; 0.03 mol) , and 
potassium hydroxide {5.50g; 0.09 mol) in 50% 
tetrahydrofuran (100 mL) was slowly added at room 
temperature a tetrahydrofurane (20 mL) solution of 
terephthaloyl chloride (6 g; 0.03 mol). The reaction 
suspension was stirred at rocMn temperature for thirty 
minutes. The solvent vas evaporated. The solid residue 
was slurried in hot methanol (lOOO mL) and dried over 
anhydrous magnesium sulfate. The methanol solution was 
separated by filtration and filtrate was evapora$xd. The 
solid residue was slurried in 20 mL cooled methanol and 
filtered. The white crystals were washed with ether (5 
X 50 mL) and dried. The yield was 4.6 g (39%). 'H NMR 
(DMSO-d«, 200 MHz), 6(ppm) 11.35 (s, broad, NHOH, IH) ; 
10.35 (s, NHPh, IH); 9.19 (s, NHOH, IH) ; 8.03 (d, J=8H2, 
terephthalic protons, 2H) ; 7.89 (d, J-8H2, terephthalic 
protons, 2H); 7,82 (d. J=7.4H2, ortho anilide protons, 
2H) ; 7.34 (t, J=7.4Hz, meta amilide protons, 2H) ; 7.10 
(t, J=7.4Hz, para anilide proton, IH) . 

Compound having the structure- 




mc'd 



o 




BBOE 
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A solution of 1,4-phenylenediacrylic acid (2.18 g; 0.01 
mol) in thionyl chloride (50 mL; 8l.55g; 0.68 mol) was 
refluxed overnight. The excess of thionyl chloride was 
evaporated. The solid was dissolved in tetrahydrofuran 
5 (20 mL) , and added to a cooled (O^C) solution of 
potassium hydroxide (1.12 g; 0.02 mol) and aniline in 50% 
tetrahydrofuran. The reaction mixture was stirred at 
room temperature for thirty minutes. The solvent was 
evaporated. The solid residue was slurried in water and 

10 filtered. White crystals were dissolved in a small 
amount of methanol and purified on a silica gel column in 
tetrahydrofuran. The yield was 315 mg (10%) . 'H NMR 
(DMSO-d«, 200MHz), « (ppm) 10.80 (s, NHOH, IH) ;10.23 (s, 
NHPh, IH); 9.09 (s, NHOH, IH) ; 7.69 (d, J-7.6HZ, ortho 

15 anilide protons, 2H) ; 7.64 (s, phenylene protons, 4H) , 
7.55 (d, J=15.8Hz, PhNHOCCH=CH- , IH) ; 7.40 (d, J=15.8H2, 
HONHOCOI-CH-, IH); 7.33 (t, J=7.8H2, meta anilide 
protons, 2H); 7.06 (t, J=7.2Hz, para anilide protons, 
IH); 6.89 (d, J=15.8Hz, PhNH(X:CH=CH- , IH) 6.51 (d, 

20 J»15.8H2, HOHNOCCH-CH- , IH) . 

Compounds faavino the H^n1l7t^^T^ft♦ 

C {CHg \ ct' 

R R 

wherein n = 4, 5, 6, 7, and 8. 

30 

A chloroform solution of triethylamine (1.4 mL; 1.0 g; 
0.01 mol) , the corresponding amine (0.01 mol) emd diacid 
dichloride (0.005 mol) was stirred at room teii?)erature 
for five hours. If the reaction mixture was clear, it 
35 was washed with water (5 x 100 mL) . The organic layer 
was dried over anhydrous magnesium sulfate and evaporated 
to a solid residue. If in the course of reaction a 



wo 95/31977 



PCT/US9S/06SS4 



-50- 

precipitate was formed, the precipitate was separated by 
filtration. White crystals from filtration or solid 
residue from evaporation were crystallized from ethyl 
acetate, tetrahydrofuran. methanol, or their mixture. 
The yields were from 60.-90%. 



10 



1^ 



/ 



15 



20 



25 



30 



'H NMR (DMSO-d,, 200 MHz) , 5 (ppm) 10.23 (s, NH, 2H) ; 7.82 
(d, J=9Hz, aromatic protons, 4H) , 7.60 (d, J»9Hz, 
aromatic protons, 4H) , 2.31 (t, J-7.4H2, CHjCO, 4H) ; 2.61 
(m, 4H); 1.32 (m, 4H) . 





(CE,) C 

' 6 \ 



'H NMR (DMSO-d«, 200 MHz) , 6 (ppm) 10.48 (s.- NH, 2H) ; 8.18 
(d, J-9.2H2, aromatic protons, 4H) ; 7.81 (d, J-9.2H2, 
aromatic protons, 4H0; 2.37 (t, J-7.2Hz, CH,CO-, 4H) ; 1.60 
(m, 4H); 1.33 (m, 4H).. 



VCCB. 




NH 




V7 



CHjCH 



35 



40 



'H NMR (DMSO-d«, 200 MHz), 69.91 (s, NH, 2H) , 7.58 (d, 

J=8.6H2, aromatic protons, 4H) ; 7.26 (d, J=8.6 Hz, 

aromatic protons, 4H) ; 3.94 (s, CHjCN, 4H) ; 2.29 (t, 
J-7.4HZ, CHjCO-, 4H); 1.60 (m, 4H) ; 1.31 (m, 4H) . . 



H3CBHOC 



coracB, 




// .9 ICH,) — c /= 



\ 



-O 
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'H NMR (DMSO-d,. 200 MHz), 6 (ppm) 10.08 (s. CONHAr, 2H; ; 
7.79 (d, J=8.6H2, aromacic protons, 4H) ; 7.63 (d, J=8H2, 
aromatic protons, 4H) , 7.22 {s, H^CHNCO- , 2H) ; 3.32 (s. 
CH3. 6H); 2.31 (c, J=7Hz. CH,C- ) . 6H) ; 1.59 (m, 4H) ; 1.31 
(m, 4H) , 



HOHBOC- 



-HH, 



10 



15 



20 



25 



30 



35 



40 



C (CHg) C /=• 



HE 



/ 



COHHOH 



•h NMR (DMS0-d4, 200 MHz), 6 (ppm) 10.90 (s, broad, NHOH. 
2H); 10.05 (s. NHAr, 2H) ; 8.90 (s, broad, NHOH, 2H) ; 7.68 
(d, J=9H2, aromatic protons, 4H) ; 7.62 (d, j=9Hz, 
aromatic protons. 4H) ; 2.31 (t. J=7.2H2, CHjCO- , 4H) ; 1.59 
(m, 4H); 1.30 (m, 4H) . 





'H NMR (DMSO-d«, 200 MH2) , d (ppm) 10,06 (s, broad, NH, 
2H) ; 8.71 (d, J=2.6H2, aromatic protons, 2H) ; 7.31 (d + 
d, aromatic protons. 2H) ; 2.32 (t. J=7.4Hz, CHjCO- , 4H) ; 
1.59 (m, 4H); 1.33 (m. 4H) . 



-KH 



(CHg) 




■h NMR (DMSO-d«. 200 MHz), d (ppm) 12.00 (s, broad, NH, 
2H) ; 7.43 (d, J=3.6Hz. aromatic protons, 2H) ; 7.16 (d, 
J=3.6Hz, aromatic protons, 2H) ; 2.41 (t, J=7.2Hz. CHjCONH- 
, 4H) 1.58 (m, 4H); 1.28 (m, 4H) . 
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30 



In the similar manner, the following compounds wer^ 
prepared and characterized: 



Wherein n = 4, 5, 6, 1, and 8; 



10 all compounds are symmetrical wherein R is 2-, 3-, and 4- 
cyano; 2-, 3-, and 4-methylcyano; 2-, 3-, and 4-nitro, 

2- , 3-, and 4-carboxy; 2-, 3-, and 4-aminocarbonyl; 2-, 

3- and 4-methylaminocarbonyl; 2-, 3-, and 4- 
dimethylaminocarbonyl; and 2-, 3-, and 4-trifluoromethyl; 




o 

// 



(CH^) c 

^6 \ 



NH- 



20 wherein R is 4- hydroxylaminocarbonyl; 4-methoxycarbonyl; 
2-, 3-, and 4-chloro; 2-, 3-, and 4-fluoro; 2-, 3-, and 
4-methyl; 2-, 3-, and 4-inethoxy; 2,3-difluoro; 2,4- 
difluoro; 2, S-dif luoro; 2,6-difluoro; 1,2,3,- 
trifluoro, 3,4,5-trifluoro; 2, 3. 5, 6-tetraf luoro; 

25 2,3,4,5, 6 -pentaf luoro. 



-HH, 



C- 
// 
0 • 
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(CH,) C 
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Compou nds having the strur^ -iir-f*; 




25 



HOHN 



(CH 



2r 



30 



wherein n = 4, 5, 6, 7. and 8. 



General procedure ft 



35 



A diacid dichloride (0.01 mol) was added to a stirred 
solution of potassium hydroxide (1.68 g; 0.03 mol), 
hydroxy lamine hydrochloride (0.7 g; 0.01 mol), and the 
corresponding aniline (O.Oi mol) in 50% tetrahydrofuran 
(100 mL) . The resulting reaction mixture was stirred at 



W09S01977 



PCTAJS9SM)6S54 



•54- 



room temperature thirty minutes, and solvent was 
evaporated to solid residue. The solid residue was 
slurried in methanol (-100 mL) and dried over anhydrous 
magnesium sulfate. The methanol solution was separated 
5 by filtration and evaporated to a solid residue. The 
product was purified by column chromatography on silica 
gel in ethyl acetate- tetrahydrofuran (in most cases 3:1) . 
The yields were 15-30%. 

10 General DroceduT-f» u 

A solution of corresponding monomethyl ester of 
dicarboxylic acid (0.01 mol) , oxaloyl chloride (0.03 
mol). and a few drops DMP in benzene (500 roL) was stirred 
15 at room temperature overnight. The solvent was 
evaporated and the oily residue was dissolved in dry 
benzene (3 x 50 mL) and evaporated again. The 
tetrahydrofuran (50 mL) solution of monoester monoacid 
chloride of the corresponding dicarboxylic acid was 
slowly added to a cooled solution of the corresponding 
amine (0.01 mol) and pyridine (1.6 mL; 1.6 g; o.02 mol) 
in tetrahydrofuran (200 mL) . The reaction mixture was 
stirred at room temperature for an hour. The solvent was 
evaporated, the reside was dissolved in chloroform (300 
25 mL) , and the chloroform solution was washed with 10% 
hydrochloric acid (3 x 50 mL) , 10% potassium hydroxide (3 
X 50 mL) , and water (3 x 50 mL) . The organic layer was 
dried over anhydrous magnesium sulfate and evaporated, 
yielding the pure monoester monoamide of dicarboxylic 
30 acid. The product was dissolved in 80% methanol with 
potassium hydroxide (0.56 g; 0.01 mol). The reaction 
mixture was refluxed two hours and evaporated to solid 
residue. The residue was dissolved in water (-20 mL) and 
acidified to -pH 5 with 10% hydrochloric acid. The 
35 monoacid monoamide of the dicarboxylic acid was isolated 
by filtration of precipitate or extraction water solution 
with chloroform. The isolated monoacid monoamide of the 
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dicarboxylic acid was mixed together with an equivalent 
amount of O-benzylhydroxylamine and 1.3-dicyclohexyl- 
carbodiimide in pyridine (~100 mL per 0.01 mol of o- 
benzylhydroxylamine) and was stirred at room temperature 
5 overnight. The solvent was evaporated and the solid 
residue was partitioned between chloroform (500 mL) and 
10% hydrochloric acid (300 mL) . The organic layer was 
washed with water (3 x 100 mL) and dried over anhydrous 
magnesium sulfate. The solvent was evaporated to solid 
10 residue. The solid residue was dissolved in large 
amounts of tetrahydrofuran and filtered through a short 
column of silica gel. The crude product was dissolved in 
methanol (lOO mL) and 5% Pd-C was added. The reaction 
suspension was shaken un'der hydrogen pressure (-50 psi) 
15 overnight. The catalyst was separated by filtration and 
filtrate was evaporated to solid residue. The solid 
residue was slurried in hexanes and filtered. Mostly 
pure product was isolated in this way. if necessary 
further purification was achieved by column 
chromatography on silica gel with ethyl acetate- 
tetrahydrofuran. The yields were from 35% to 65% 



20 



25 



35 



Genera l prortadure Q 



A pyridine (500 mL solution of 0-benxylhydroxyl amine 
(1.23; 0.01 mol), the corresponding amine (0.01 mol), and 
the dichloride of the dicarboxylic acid (0. 01 mol) was 
stxrred at room temperature overnight. The solvent was 
evaporated and the white solid residue contains, judged 
30 by 'H NMR, two symmetrical amides and a target 
unsymmetrical one. The solid residue was slurried in 
methanol and dried over anhydrous magnesium sulfate. The 
filtrate was evaporated and the solid residue was 
dissolved in methanol (~ioo mL) . into the methanol 
solution 5% Pd-C (100 mg) was added and the black 
suspension was shaken under hydrogen pressure (-50 psi) 
ovemight$x The catalyst was separated by filtration and 
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the filtrate was evaporated. The product was isolated by 
column chromatography on silica with ethyl acetate - 
tetrahydrofuran. The yields were from 20% to 35%. 

General orocedurp D 

A chloroform solution of triethylamine (3 mL; 2.18 g; 
0.0215 mol). the corresponding amine (0.01 mol) , 
0-trimethylsilyl)hydroxylamine (1.05 g, 0. 01 mol), and 
the corresponding diacid chloride of the dicarboxylic 
acid (0.01 mol) was stirred at room temperature 
overnight. The solvent was evaporated, the residue was 
dissolved in methanol {~io mL) , and into the methanol 
solution 10% ammonium chloride (-10 mL) was added. The 
15 resulting suspension was stirred at 50oc for two hours. 
The solvent was evaporated. The solid residue was 
slurried in methanol (300 mL) and dried over anhydrous 
magnesium sulfate. The methanol solution was separated 
by filtration and evaporated to a solid residue. The 
product was isolated by silica gel column chromatography 
with ethyl acetate -tetrahydrofuran. The yields were 20- 



20 



33%. 



0 
II 

25 V ^ NH C (CHg 



\J 




0 
// 

) c 

6 \ 

NHOH 



C H N 



30 Elemental analysis: Calc. 63.62 7.63 10.60 

Found 63.58 7.59 10.48 

'H NMR- (DMS0-d6. 200 MHz), 5 (ppm) 10.31 (s, NHOH, IH) ; 
9.83 (s, NHPh, IH); 8.64 (s, NHOH, IH) ; 7.57 (d, J=8.2Hz, 
35 ortho aromatic protons. 2H) ; 7.26 (t, J=8.4H2, meta 
aromatic protons, 2H) , 6.99 (t, J=7.4H2, para aromatic 
protons, IH); 2.27 (t, J=7.4H2, CHjCONHPh, 2H) ; 1.93 (t. 
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J=7.2H2, CHjCONHOH, 2H) ; 1.52 {m, 4H) ; 1.26 (m. 4H) . MS 
(Fab, Glycerin) 172, 204, 232. 249, 265, (100%, M + i) . 




// 

'.CH- c 

SHOE 



'H NMR (DMSO-d,, 200 MHz), 6 (ppm) 10.31 (s, NHOH, IH) ; 
10.08 (s, NHPh, IH); 8.64 (s, NHOH, IH) ; 7.78 (d, 
15 J=7.6Hz, aromatic protons, IH) ; 7.66 (t, J=7.4Hz, 
aromatic protons, IH) ; 7.48 (d, J=7.8Hz, aromatic 
protons, IH); 7.29 (t, J=7.4Hz, aromatic protons, IH) ; 
2.34 (t, J=7Hz, CHiCONHAr, 2H) ; 1.93 (t, J=7.4H2, 
CHjCONHOH, 2H); 1.58 (m, 4H) ; 1.27 (m, 4H) . 



NHOH 



•h NMR (DMSO-d«, 200 MHz), 6 (ppm) 10.31 <a. NHOH, IH) ; 
10.21 (s, NHPh, IH); 8.65 (s, NHOH. IH) ; 8.09 (s, 
aronatic proton, IH) ; 7.77 (m, aromatic proton, IH) ; 7.49 
(m, aromatic proton, iH) ; 2.31 (t, j=7.2Hz, CHjCONHAr. 
2H); 1.93 (t, J-7.2HZ, (ai,C0NHOH, 2H) ; 1.51 (m, 4H) . 




'H NMR (DMSO-d«, 200 MHz), . 6 (ppm) 10.35 (s, NHAr, IH) ; 
10.31 (s, NHOH, IH) ; 8.63 (s, NHOH + aromatic proton 2H) ; 
7.88 (d, J=8Hz, arcMnatic protons, 2H) ; 7.57 (t, J=8Hz, 
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arotnatic proton, IH) ; 2.33 (t, J=7.6H2. CHjCONHAr, 2H) ; 
1.93 (t, J=7.4Hz, CHjCONHOH, 2H) , 1.52 (m. 4H) ; 1.27 (m. 
4H) . 

5 

. HH C ■} NH C (CH--. C 

•■ / \ / " ^ • 

KHOH 

10 

'H NMR (DMSO-d^, 200 MHz), 6 (ppm) 10.33 (s, NHOH, IH) ; 
10.15 (s, NHAr, IH) ; 10.09 (s, NHPh, IH) ; 8.66 (s, NHOH, 
IH) ; 7.91 (d, J«8.6H2, aromatic protons, 2H) ; 7.76 (d, 
J=7.8H2, ortho euailine protons, 2H) ; 7.71 (d, J=8.6Hz, 
15 aromatic protons, 2H) ; 7.33 (t, J«7.6Hz, meta anilide 
protons, 2H); 7.07 (t, J=7.4Hz, para anilide protons); 
2.33 (t, J=7.5Hz, CHjNHAr, 2H) ; 1.93 (t, J=7.2H2. CHjCNHH, 
2H); 1.51 (m, 4H) ; 1.28 (m, 4H) . 



20 



25 




•h NMR {DMSO-d«, 200 MHz), 6 (ppm) 10.32 (s, NHOH, IH) ; 
10.21 (s, NHAr, IH) ; 8.65 (s, NHOH, IH) ; 7.31 (d of d, 
30 J=10Hz(2.2Hz) , aromatic protons, 2H) ; 6.84 (t of t, 
J=9.4Hz (2.4Hz) , aromatic protons, IH) ; 2.29 (t, CHjCONHAr, 
2H); 1.93 (t, J=7.2Hz, CHjCONHOH, 2H) ; 1.51 (m, 4H) ; 1.26 
(m, 4H) . 

35 In the same manner the following ccxi^ounds were prepared 
and characterized: 



40 
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25 



wherein n = 4, 5. 6, 7. and 8; and R is 2-, 3-. and 4- 
cyano; 2-. 3-, and 4-inethylcyano; 2-, 3-. and 4-nicro; 
2 - , 3 - , and 4 - carboxy ; 2 - , 3 - . and. 4 -aminocarbonyl ; 2 - , 
3-. and 4 -methylaminocarbonyl; 2-, 3-, and 4- 
dimechylaminocarbonyl; and 2-, 3-, and 4- 

trifluoromethyl ; 




0 
// 

•(CHg) C 



\ 

NHOH 



15 wherein R is 4 -hydroxyl aminocarbonyl; 4.methoxycarbonyl; 
4-tetrazoyl; 2-. 3-, and 4-chloro; 2-. 3-, and 4- 
fluoro; 2-. 3-, and 4 -methyl; 2-. 3-. and 4-methoxy; 
2,3-difluoro; 2,4-difluoro; 2,5-difluoro; 2,6- 
difluoro; 1.2.3-trifluoro; 3,4,5-trifluoro; 2.4,5- 
20 trifluoro; 2.4,6-trif luoro; 2,3,6-trifluoro; 2.3,5,6- 
tetrafluoro; 2. 3,4,5,6-pentafluoro; 2-,. 3-, and 4- 
phenyl; 2-, 3-, and 4-benzyla3gr; 4-hexyl; and 4-t- 



butyl ; 




\ // 
(CHo ) C 

" KHOH 



30 
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Compounds having rhe srructiure : 




wherein n = 4. 5, 6. 7, and 8; and R is hydrogen or 
10 methyl . 



A diacid dichloride (0.01 mol) was added into a stirred 
solution of potassium hydroxide (1.68 g; 0.03 mol), 
aniline or N-methylaniline (0.01 mol). and dimethylamine 

15 hydrochloride (0.805 g; O.Ol mol) in 50% tetrahydrofuran 
(100 mL) . The reaction mixture was stirred thirty 
minutes at room temperature. The solvent was partitioned 
between chlorofoiro (400 mL) and water (300 mL) . The 
organic layer was washed with 10% hydrochloric acid (3 x 

20 100 mL) , 10% potassium hydroxide (3 x 100 mL) , and water 
(2 X 100 mL) . The organic layer was dried over anhydrous 
magnesium sulfate and evaporated. The solid residue was 
slurried in hexauies and filtered- The yield were 25-34%. 

25 

H ^ H 

0 

, — (CH2 ) 

0 N (CH3 ) 

2 

'H NMR (DMS0-d4, 200 MHz) . « (ppm) 9.82 (s, NHPh, IH) ; 7.58 
(d, J=7.6Hz, ortho aromatic protons, 2H) ; 7.26 (t, 
35 J=7.4Hz, meta aromatic protons, 2H) ; 6.99 (t, J=7.4Hz, 
para aromatic proton, IH) ; 2.85 (d, J=28Hz, N(CH,)2, 6H) ; 
2.28 (t, J=7.2Hz, CHjCO, 2H) ; 2.24 (t, J=7.4Hz. CHjCO, 
2H); 1.51 (m, 4H) ; 1.29 (m. 4H) . 
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10 'H NMR (DMSO-d«, 200 MHz). 6 (ppm) 7.30 (m, C^,, 5H) ; 3.13 
(S, HjCNPh. 3H); 2.83 (d, J=26Hz, N(CH,),, 6H) ; 2.17 (t, 
J=7.6Hz, CHjCON(CH,)j, 2H) ; 1.98 (t, J=7.4Hz, CHjCONtCHjlPh, 
2H); 1.41 (m, 4H) ; 1.11 (m, 4H) . 

15 Compounds having sbrurM^r-o. 



20 




25 wherein R,, Rj are NHOH. 

A solution of 18. 4g (175 nimol) of HjN-OSiMej in 100 ml 
abs. CHjClj was slowly added to a stirred solution of the 
corresponding diacid chloride of the dicarboxylic acid 

30 (lOg, 43.7 mmol) in 250 ml abs. CHjClj which was kept at - 
78 under Argon. After the addition was complete, the 
mixture was allowed to warm to room temperature with 
stirring. A white precipitate formed during this 
process. After 2h at roan ten?)erature, the mixture was 

35 heated to reflux for 30 min. to con5>lete the substitution 
reaction. It was then again cooled at -78«C, whereupon 
10 ml of abs. MeOH were added with stirring. The cooling 
was then removed and the mixture was allowed to come to 
room temperature, during which period much more white 
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precipitate appeared. After an additional 10 ml of MeCH 
had been added, the reaction was again heated to reflux 
for 30 min. The precipitate was filtered off and stirred 
with 100 ml of 0.2 N HCl for 2h. The product was then 
filtered, washed with water and dried in a vacuum (0.2 
torr, room temperature) over CaCl,. As the nmr spectrum 
(in d»-DMSO) still indicated, the presence of water in the 
product after this process, the product was stirred with 
40 ml of dry acetone, filtered again and dried in the 
same fashion. The water peak in the nmr spectrum then 
decreased to the normal size e3q)ected for commercial d^- 
DMSO. Yield: 8.8g (91%). 

'H-NMR (d^-DMSO, 200 MHz) 6 (ppm) 11.25 (br. s. IH) and 
15 10.75 (br. s, IH) (N-H); 9.1 (br. s, 2H, 0-H) ; 7.9 (s, 
IH, Cj-a); 7.7 (m, 2H, Q-H, C,-H) ; 7.5 (m. 2H, Cj-H, Ar- 
CH=Ca-CONHOH) ; 6.5 (d, J=16 Hz, IH, Ar-CH= ). 
MS (CI) : M+1 223, 179, 161. Found: C, 54.96; calc. : 
C, 54.05%. 



10 



20 



25 



30 



In a similar manner the )cnown dicarboxylic acids 
corresponding to compounds having the following 
structures, wherein R, and Rj are OH, were converted to 
their acid chlorides and then to the bis-hydroxandc acids 
and were also characterized by NMR and mass spectroscopy: 



0 
II 




35 



cuid 
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Compounris having^ srn.r>^ »^f.. 



0 O 

1 II 
R-C-N-(CH,)„ -C-NH-OH 

H 



Id 7-Benzoylaaidoheptanoylhydroxa«ic acid, R , phenyl, n=6. 

In a 25 mL flask, a solution of 0.571 g of 7- 
amxnoheptanoic acid with 0.3145 g NaOH in 12 mL water was 
Chilled to ooc, and than 0.5 mL of benzoyl chloride in 8 
15 mL dry THF was added dropwise over 30 minutes. After 3 5 
hrs stirring the THF was evaporated and the solution was 
acxdxfxed to pH i. The resulting precipitate of 7- 
benzolylaminoheptanoic acid was collected and washed with 
ether, it was characterized by NMR and mass spectroscopy 
20 (M.l=250). Then 0.20 g of this amide acid was treated 
for 3 hours with 0.1750 g of carbonyl diimidazole in 10 
mL dry THF. To this stirring solution was added 0 1114 
. g Of hydroxylamine hydrochloride, and the. solution was 
stxrred overnight at room temperature. Then 3 ml of 0 1 
25 N HCl was added, the THF was evaporated; and the residue 
was taken up in 5 mL ethyl acetate and 3 mL brine. The 
produce amide hydroxamic acid was preset as an ivory 
colored solid in the organic layer; it was collected by 
filtration in 60% yield. It was characterized by NMR and 
JO mass spectrum (M+l=265) and had m.p. = 1050c. 

In a similar fashion analogs were prepared with n=5 or 6 
and with R=p-cyanophenyl, m-cyanophenyl, and thiophenyl.' 
by the use of the appropriate carbo^tylic acid chloride 
and 7-aminoheptanoic acid or S-aminohexanoic acid in the 
first step. 



35 
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Compounds having the structurg^: 



O O 

II I 

R-C-N-(CH,). -C-NH-OH 



Suberoyl- (4-pyridyl) -amide hydroacamlc acid, R 
10 , pyridyl, n-6. 



20 



To an ice-cold solution of 6 mL siiberoyl chloride in 20 
mL THF was added 1.37 mL methanol and 4.7 mL 
triethylamine in 40 mL THF dropwise with stirring. After 
15 19 hours a solution of 3.2032 g 4-aminopyridine and 4.7 
mL triethylamine in 250 *mL THF was added dropwise with 
stirring and ice cooling. After 24 hours a small amount 
■ of white solid was removed by filtration, the THF was 
evaporated, and the crude product was chromatographed to 
afford 2.8879 g of the methyl ester of this amide ester 
was added to a solution of 0.9866 g hydroxylamine 
hydrochloride in 17 mL methanol with 0.8887 g NaOH, and 
the filtered solution was allowed to stand at roc»n 
temperature for two days. The precipitated salt to the 
25 hydroxamic acid was washed with a little ethanol and 
stirred in 0.1242 g acetic acid in 10 mL water. After 48 
j hours 0.2291 g of the hydroxamic acid had crystallized, 
and it was collected and recrystallized from methanol to 
, . afford the pure product, m.p. 202 - 203 "C. It was 
30 characterized by NMR and mass spectrxim (M-i-l=266) . 



In a similar fashion the 2-pyridyl and 3-pyridyl analogs 
were prepared, using the appropriate amines. 
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CompQun ds havirio rh^ formula ; 



O 0 

^ il II 

R-NH-C-N- (CH,)» -C-NH-OH 
I 

H 

10 m-Oiloropheaylureido-e-hexaaohydroxanilc acid, R = m- 
chlorophenyl, ns5. 

To 3.0 g of 6-aminocaproic acid in 150 mL THF was added 
3.5 mL triethylamine, then 3 mL m- chlorophenyl 
15 isocyanate. After overnight standing the solution was 
filtered and concentrated by evaporation. Then 
partitioning between water and ether, followed by 
acidification of the aqueous layer to pH 3.0. afforded a 
precipitate of the ureidocarboxylic acid in 35% yield, 
20 characterized by NMR and mass spectrum (M+l=285) . This 
was then converted to the hydroxamic acid product by 
treating 0.0418 g of the acid with 0.321 g carbonyl 
diimidazole in 25 mL THF. After 2 hours at room 
temperature, the solution was treated with 0.1948 g 
25 hydroxylamine hydrochloride and stirred for 20 hours. 
Then 15 mL 0.1 N HCl and 25 mL ethyl acetate were added 
and the THF was evaporated. The product appeared as 
crystals in the organic layer, and was collected in 38% 
yield. It had m.p. 162-163<»C, and was characterized by 
NMR and elemental analysis: C, 51.62; H, 5.82; N, 13.47. 
Calc'd C, 52. 0; H, 6.05; N. 14.00. 



30 



35 



In a similar fashion the unsubstituted phenyl analog was 
prepared from phenyl isocyanate. 
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TABLE 1 



4 

5 



Structure 



O NHOH 

n = 4 (known 

compound) 



n « 5 

n - 6 

n = 7 

n - 8 

CH-,c„.,.-/ 



Benzidine 
Mol. Optimal Reactive 
Weight Cone. (uM\ Cells 



236 

250 
264 
278 
292 



274 



80 70 

20 84 

2.5 70 

20 8 

20 15 



31 



44 



OH 



AiC 




OH 



274 



31 



52 



(CHj)»-C 



\ 



OH 



294 



12.5 32 
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TABLE 1 (continued) 

CPD Structure 
H 



o Ol 



Benzidine 
Mol. Optimal Reactive 
Weight Cone. (uH) Cells (\) 



225 50 20 



10 J:-(CH,)»-C^ 355 250 26 



OH 



OH 



11 y9-(CH2)6-C 216 60 53 
O \lH( 

HC^ ^O 

12 ^-(CHj)4-C 189 250 35 
O NHOH 



H,CO O 
13 X:-{CH,)4-C^ 203 60 17 



NHOH 



14 NC(CH2)5-/^ 156 125 30 



NHOH 



HjCOHN ^ 
]^-(CH,),-- 



15 ^-(CH2)4-C 218 20 43 

O ^NHOH 
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TABLE 1 (continued) 

Benzidine 

nun «.*. ^ Optimal Reactive 

£EB Stoc^UES Hgight cone, f.. Ml Cells r»l 




16 V ^^-(CH,)«.C 270 8 35 

O NHOH 

17 V- ^C.(CH,).-(^ 256 62 30 

O TIHOH 



(CH,),CON^ 



18 ^<?-(CH2),-/ 



/^-(CH2)«-C^ 260 31 

O NHOH 



" ^-(CK,)*-C^ 278 

TIHOH 





^-(CH,).-<^ 



NHOH 



38 



24 



20 


R - 


4-iBethyl 


273 


20 


52 


21 


R = 


4-cyano 


289 


7 


70 


22 


R = 


3-cyano 


289 


5 


55 


23 


R = 


2-cyano 


289 


16 


65 


24 


R = 


3 -nitre 


309 


5 


30 
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TABLE 1 (continued) 



CPD 



Structure 



25 R = 4-nitro 



26 R o 3-trlfluoronethyl 



27 R = 4-trifluoronethyl 



28 R = 2 -amino 



29 R = 4-cyanomethyl 



30 R = 3-chloro 



31 R » 4-azido (N,) 



32 . R = 2-fluoro 



33 R = 3-fluoro 



34 R «= 4-fluoro 



35 R = 4-benzyloxy 



36 R as 4-nethyoxycarbonyl 



Benzidine 
Mol. Optimal Reactive 
Weight Cone. tuw\ Cells 



38 R = 2-bromo 



39 R » 2-chloro 



309 

332 

332 

279 

303 

298.5 

304 

282 

282 

282 

370 

322 



37 R = 4-methylaminocarbonyl 321 



343 



298.5 



0.8 



30 



20 



2 
2 



1 
4 
4 
4 

30 
8 



30 

30 

47 

54 

30 

33 

47 

65 

25 

43 

20 

28 

16 

45 

34 



40 R « 4-brono 



343 



1.6 



47 
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TABLE 1 (continued) 

CPD Structure 

41 R » 2,3-difluoro 

42 R = 2,4,5-trlfluoro 

43 R = 2,3,6-trifluoro 

44 R = 2,4,6-trif luoro 

45 R = 2,4-difluoro 

46 R = 2,3,4,5,6>pentafluoro 

47 R » 3,4-difluoro 

48 R = 3,4,5-trifluoro 

49 R = 2,5-difluoro 

50 R = 3,.5-dlfluoro 

51 R = 2-inethoxy 

52 R s S-methoxy 

53 R = 4'-]Dethoxy 



54 




1- 



Benzidine 

Mol. Optimal Reactive 

HgiSllt pong, (MM) Cells (i\ 

300 8 24 

318 a 36 

318 31 53 

318 16 47 

300 6 60 

354 31 53 

300 4 61 

318 8 55 

300 4 70 

300 2 73 

294 8 36 

294 6 38 

294 6 37 

290 20 40 
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ThSLS-L (continued) 

£EQ structure 
H 



55 



Benzidine 
Mol. Optimal Reactive 
Weight Conc.fuM^ Cells 



256 30 53 



NHOH 

H 



56 R = 4-trifluoroiBethyl 460 



57 R = 4 (N) -hydroxy lamino- 442 
carbonyl 



50 20 



10 



58 R = 4-cyanoinethyl 402 50 25 

59 R = 2,4-difluoro 396 500 



60 R « 2,6-difluoro 396 100 

61 R « 3,5-dlfluoro 396 125 

62 R = 2 , 3 , 6-trif luoro 432 250 

63 R = 2,4,6-trif luoro 432 125 

64 R « 2,3^4^5,6-pentafluoro 504 125 

65 R s= 4-nitro 414 25 



54 
21 
31 
28 
35 
13 
14 
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TABLE 1 (continued) 

Benzidine 
Mol. Optimal Reactive 
£Efi Structure Weight Cone. riiM^ Cells (i\ 



CH3 CH,^ 
66 C-CH-(CH,)5-CH-C 270 1250 80 

{H,C)^ N(CHj), 



67 C-CH-(CHj)4-CH-q' 256 2500 90 

(H,C)^ N(CH,), 



68 jp-(CH,)j-CH-(CH2),-C 204 125 56 

Homl \nhoh 



O (JONHOH 
69 ^-(CH2),-CH-(CH,)j-C^ 333 60 ' 40 

HOHN \nHOH 



70 y-(CH,),-CH-(CH,)a-C^ 226 160 19 

HOHN P ^NHOH 
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TABLE 1 (continued) 

Benzidine 

Mol. Optimal Reactive 

CPD Struct^^e Weight Cone. (am Cells r%> 

71 n 4 310 100 8 

72 n « 5 324 250 10 

73 n « 6 338 50 7 

74 n = 7 352 100 10 

75 n = 8 366 100 10 

HONH-C-f 




76 ^s==^ 196 
jj y ^H«CH-C-NHOH 



HONH-C- 

77 222 4 73 



i-c-caj=cH-f \ 



HONH- 

78 248 20 45 

=/ C-NH-(CH2)5-C^-NH-OH 
O 

79 283.3 3 45 
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TABLE 1 (continued) 

Benzidine 

r.J,r^ r.^ ^ • Optimal Reactive 

SEE structure Weight Cone, fixM^ Cells 



O 



80 



284.74 3 



32 
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TAELE 2 

Induccion of Differentiation of HL-60 



CPD 
2 

3 

6 

7 

22 
21 
26 
25 
36 
31 
29 
43 



77 



Mol. Optimal NBT 

W^^q^^t Cone . ( uM) PosicivP (i} 



250 



309 
322 



303 
318 
222 

78 248 



22 



264 1 21 

274 20 30 

274 20 

289 1.7 

289 2 6 

332 6 



21 
28 



27 



3 18 
1 32 
304 2.5 7 



1 15 

2 20 
4 20 

20 12 
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TABLE 3 

Induction of Differentiation of MELC 



Mol. Optimal nbt 

£EB Sigight Cone, (^M) Positive 



3 264 



65 



77 



222 



4 



61 
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Whac is claimed is : 

1. A compound having the structure: 



\ // 



wherein each of R, and R, are independently the same 
as or different from each other; when R, and R, are 
the same, each is a substituted or unsubstituted 
arylamino, cycioalkylamino. pyridineamino. 
piperidino, 9 -purine- 6 -amine, or thiazoleamino 
group; when R, and Rj are different, R, = R,-N-R^, 
wherein each of R, and R, are independently the same 
as or different from each other and are a hydrogen 
atom. a hydroxyl group. a substituted or 
unsubstituted, branched or unbranched alkyl, 
alkenyl, cydoalkyl, aryl, alkyloxy, aryloxy, 
arylalkyloxy, or pyridine group, or R, and R, bond 
together to form a piperidine group, and R, is a 
hydroxylamlno, hydroxyl, amino, alkylami.no, 
dialkylamino or alkyloxy group; and n is an integer 
from about 4 to about 8; or a pharmaceutically 
25 acceptable salt thereof- 

2. A ccm^oimd of claim 1 having the structure: 
30 0 

0 R2 

wherein each of R3 and R< are independently the same 
^5 as or different from each other and are a hydrogen 

atom, a hydroxyl group, a substituted or 
unsubstituted^ branched or unbranched alkyl. 



PCT/US95AI6SS4 



-83- 

alkenyl, cycloalkyl, aryl, alkyloxy, aryloxy, 
arylalkyloxy, or pyridine group, or and R, bond 
together to form a piper idine group; R> is a 
hydroxy lamino , hydroxy 1 , amino , alky lamino , 
dialkylamino or alkyloxy group; and n is an integer 
from about 4 to about 8. 

A compound of claim 2, wherein R. is a hydroxy lamino, 
hydroxyl, amino, methylamino, dimethy lamino, or 
methyoxy group and n is 6. 

A conqpound of claim 3, wherein R4 is a hydrogen atom 
and R3 is a substituted or unsubstituted phenyl 
group . 

A compound of claim 4, wherein the phenyl group is 
substituted with a methyl, cyano, nitro, 
trifluoromethyl, amino, aminocarbonyl , methylcyano, 
chloro, fluoro, bromo, iodo, 2,3-difluoro, 2,4- 
difluoro, 2,5-difluoro, 3,4-difluoro, 3,5-difluoro, 
2,6-difluoro, 1,2, 3-trif luoro, 2,3^6-trifluoro, 
2,4,6-trifluoro, 3 ,4,S-trif luoro, 2,3,5,6- 
tetrafluoro, 2,3,4,5,6-pentafluoro, azido, hexyl, t- 
butyl , phenyl , carboxyl , hydroxyl , methyoxy , 
phenyl oxy, benzyl oxy, phenylaminooxy , 
phenylaminocarbonyl , me thy oxycarbony 1 , 
methylaminocarbonyl , dimethylamino, dimethylamino- 
carbonyl, or hydroxylaminocarbonyl group. 

A compound of claim 3, wherein R4 is a hydrogen atom 
and R3 is a cyclohexyl group. 

A compound of claim 3, wherein R4 is a hydrogen atom 
and R3 is a methyoxy group. 

A compound of claim 3, wherein R3 and R4 bond 
together to form a piperidine group. 
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9. A compound of claim 3, wherein R4 is a hydrogen acorn 
and Rj is a hydroxyl group. 

10. A compound of claim 3, wherein R4. is a hydrogen atom 
5 and R^ is a benzyloxy group. 

11. A compound of claim 3, wherein R^ is a hydrogen atom 
and R3 is a 6 -pyridine group. 

10 12. A compound of claim 3, wherein R4 is a hydrogen atom 
and R3 is a S- pyridine group. 

13. A compound of claim 3, wherein R4 is a hydrogen atom 
and R3 is a of- pyridine group, 

15 

14. A compound of claim 3, wherein R3 and R4 are both 
methyl groups. 

15. A coitqpound of claim 3, wherein R4 is a methyl group 
20 and R3 is a phenyl group* 

16. A coirpound of claim 1 having the structure: 

\ 

25 / (CH2K 

0 . H 

wherein R is a siibstituted or unsiibstituted 
arylamino, cycloalkylamino, py ridineamino , 
30 piperidino, 9 -purine- 6 -amine, or thiazoleamino 

group; amd n is em integer from about 4 to about 8. 



17. A compound of claim 16, wherein R is a sxjbstituted 
35 or xinsubstituted phenylamino group. 



18. 



A compound of claim 17, wherein the phenylamino 
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group is substituted with a cyano, methylcyano, 
nitro, carboxyl, aminocarbonyl , methylaminocarbonyl , 
dimethylaminocarbonyl , t r i f 1 uorome thy 1 , 
hydroxy laminocarbonyl . N- hydroxylaminocarbonyl , 
methoxycarbonyl , chloro, fluoro, methyl, methoxy, 
2,3-difluoro, 2,4-difluoro, 2, 5-difluoro, 2,6- 
difluoro, 3, 5-difluoro, 2. 3, 6- trif luoro. 2,4.6- 
trifluoro. 1.2. 3 -trif luoro. 3, 4, 5 -trif luoro. 
2,3.4,5- tetraf luoro . or 2 . 3 , 4 , 5 , 6 -pentaf luoro group . 



19. A compoxind of claim 16, wherein R is 
eye lohexyl amino group. 

20. A ccHnpound having the structure: 

0 0 0 „ 
\\ li II / 
(CH2^— C— H— C— (CH^K— 



a 



wherein each of X and Y are independently the same 
as or different from each other and are a hydroxyl, 
amino or hydroxylamino group, a substituted or 
unsubstituted alkyloxy, alkylamino, dialkylamino, 
arylamino , alkylarylamino , alkyloxyamino , 
25 aryloxy amino, alkyloxyalky lamino , or 

aryloxyalkylamino group; R is a hydrogen atom, a 
hydroxyl group, a stibstituted or unsubstituted 
alkyl, aryl, alkyloxy, or aryloxy group; and each 
of m and n are independently the same as or 
different from each other auid are each an integer 
from about 0 to about 8; or a pharmaceutical ly 
acceptcUDle salt thereof. 



35 



21. A compound of claim 20, wherein each of X, Y, and R 
is a hydroxyl group and each of m and n is 5. 
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22. A compound having the scruccure: 



0 



0 



•I 




:CH-. — » — 2~izz. 



X 



1 



10 



15 



20 



25 



30 



wherein each of X and Y are independently the same 
as or different from each other and are a hydroxyl, 
amino or hydroxylamino group, a substituted or 
unsubstituted alkyloacy, alkylamino, dialkylamino , 
arylamino, alkylarylamino, alkyloxyamino, 
aryloxyamino, alkyloxyalkylamino, or 
aryloxyalkylamino group; each of R, and R, are 
independently the same as or different from each 
other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted alkyl, aryl, alkyloxy, 
or aryloxy group; and each of m, n, and o are 
independently the same as or different from each 
other and are each an integer from about 0 to about 
8; or a pharmaceutically acceptable salt thereof. 

23. A confound of claim 22, wherein each of X and Y is 
a hydroxyl group and each of R, and Rj is a methyl 



24. A compound of claim 23, wherein each of n suid o is 
6, and m is 2. 

25. A compound having the structure: 



wherein each of X and Y are independently the same 
as or different from each other and are a hydroxyl, 
amino or hydroxylamino group, a substituted or 
unsubstituted alkyloxy, alkylamino, dialkylamino. 
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arylamino, alkyiarylamino, alkyloxyamino. 
aryloxyamino, a 1 ky 1 oxyal ky 1 amino . or 
aryloxyalkylamino group; each of R, and R, are 
independently the same as or different from each 
other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted alkyl, aryl, alkyloxy, 
or aryloxy group; and each of m and n are 
independently the same as or different from each 
other and are each an integer from about 0 to about 
8; or a pharmaceutical ly acceptable salt thereof. 



A confound having the structure: 




wherein each of X and Y are independently the same 
as or different frcHn each other and are a hydroxyl, 
amino or hydroxylamino group, a substituted or 
unsubstituted alkyloxy, alkylamino, dialkylamino, 
arylamino, alkyiarylamino, alkyloxyamino, 
aryloxyamino, alkyloxyalkylamino , or 
aryloxyalkylamino group; and each of m and n are 
independently the same as or different from each 
other and are each eua integer from about 0 to about 
8; or a pharmaceutically acceptable salt thereof. 

A confound of claim 26, wherein each of X and Y is 
a hydroxyl group and each of m and n is 5. 

A compound having the structure: 
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wherein each of X and Y are independently the same 
as or different from each other and are a hydroxyl, 
amino or hydroxylamino group, a substituted or 
unsubstituted alkyloxy. alkylamino, dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino, 
aryloxyamino, alkyloxyalky lamino , or 
aryloxyalkylamino group; each of R, and R. are 
independently the same as or different from each 
other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted alkyl, aryl, alkyloxy, 
or aryloxy group; and each of m and n are 
independently the same as or different from each 
other and ar^e each an integer from about 0 to about 
8; or a pharmaceutically acceptable salt thereof. 



A compound having the structure: 

CH3 CHg 0 

I I // 

C (CHg^ C—c^ ^ 

H H ^ 

wherein each of X and Y are independently the same 
as or different from each other and are a hydroxyl, 
amino or hydroxylamino group, a substituted or 
unsubstituted alkyloxy, alkylamino, dialkylamino, 
arylamino , alkylarylamino , alkyloxyamino , 
aryloxyamino, alkyl oxyalkylamino , or 
aryloxyalkylamino group; and n is an integer from 
about 0 to about 8; or a pharmaceutically acceptable 
salt thereof. 




A compound of claim 29, wherein each of X and Y is 
a dimethylamino group and n is 5. 



A compound of claim 29, wherein each of X and Y is 
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a dimethylamino group and n is 4 . 
A compound having the structure: 

X 

Wherein each of X and Y are independently the same 
as or different from each other and are a hydroxyl, 
amino or hydroxylamino group, a substituted or 
unsubstituted alkyloxy, alkylamino, dialkylamino, 
arylamino, alkylarylamino, alkyloxyamino, 
aryloxyamino, alkyloxyalky lamino , or 
aryloxyalkylamino group; each of and are 
independently the same as or different from each 
other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted alkyl, aryl, alkyloxy, 
aryloxy, carbonylhydroxylamino, or fluoro group; 
and each of m and n are independently the same as or 
different from each other and are each an integer 
from about 0 to about 8; or a pharmaceutical ly 
acceptable salt thereof. 

A conpound of claim 32, wherein each of X a;nd Y is 
a hydroxylamino group; R, is a methyl group; Rj is 
a hydrogen atom; and each of m and n is 2. 

A conqpound of claim 32, wherein each of X and Y is 
a hydroxylamino group; Ri is a carbonylhydroxylamino 
group; is a hydrogen atom; and each of m and n 
is 5. 

A compound of claim 32, wherein each of X and Y is 
a hydroxylamino group; each of Rj and Rj is a fluoro 
group; and each of m and n is 2. 
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36. A compound having the structure: 



5 




wherein each of R, and are independently the same 
^0 as or different from each other and are a hydroxyl, 

alkyloxy, amino, hydroxy lamino, alkylamino, 
dialkylamino, arylamino, alkylarylamino, 
alkyloxyamino, aryloxyamino, alkyloxyalkylamino, or 
aryloxyalkylamino ' group; or a pharmaceutically 
15 acceptable salt thereof. 

37. A compound of claim 36/ wherein R, is a phenylamino 
group and R, is a hydroxylamino group. 

20 38. A compound having the structure: 



25 




wherein each of Rj and R, are independently the same 
as or different from each other and are a hydro^l, 
alkyloxy, amino, hydroxylamino, alkylamino, 
30 dialkylamino, arylamino, alkylarylamino, 

alkyloxyamino, aryloxyamino, alkyloxyalkylamino, or 
aryloxyalkylamino group; or a pharmaceutically 
acceptable salt thereof • 

35 39. A conpound of claim 38, wherein Rj is phenylamino 
group and R^ is hydroxylamino group. 
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40. A compound having che structure: 



wherein each of R, and are independently the same 
as or different from each other and are a hydroxyl, 
alkyloxy, amino, hydroxylamino, alkylcunino, 
.^^ dialkylamino, arylamino, alkylarylamino, 

alkyloxyamino, aryloxyamino, alkylcxyalkylamino, or 
aryloxyalkylamino group; or a pharmaceutically 
acceptable salt thereof, 

15 41. A compound of claim 40, wherein Ri is a hydroxylamino 
group . 

42. A conipound of claim 40, wherein Rj is a hydroxylamino 
group . 



43. A compound having the structure: 



0 

II 

Q ,CH=CH — C — NH — OH 



HO — NH — c — ^ y 



30 or a pharmaceutically acceptable salt thereof. 

44. A confound having the structure: 

0 
II 

35 Q .CH=CH— C— HH— OH 



" // W 



HO — NH — C — CH=CH 
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or a pharmaceutical ly acceptable salt . thereof , 

45. A compound having the structure: 

0 0 

II II 
R-C-N-{CH2)„ -C-NH-OH 

H 



wherein R is a substituted or unsubstituted 
phenyl, piperidine or thiazole group and n is 
an integer from about 4 to about 8 or a 
^5 pharmaceutical ly acceptable salt thereof. 

46. The confound of claim 45, wherein R is a substituted 
phenyl group. 

20 47. The coitqoound of claim 46, wherein the phenyl group 
is substituted with a methyl, cyano, nitro, chic, 
trifluoromethyl, amino, aminocarbonyl , methyl cyano, 
chloro, fluoro, bromo, iodo, 2 , 3 -dif luoro, 2,4- 
difluoro, 2,5-difluoro, 3 , 4-dif luoro, 3 , 5-dif luoro, 

25 2,6'difluoro, 1,2,3-trifluoro, 2 , 3 , 6-trif luoro, 

2,4,6- trif luoro, 3,4,5- trif luoro , 2 , 3 , 5 , 6 • 
tetrafluoro, 2^3,4,5,6-pentafluoro, azido, hexyl, t- 
butyl, phenyl, carboxyl, hydroxyl, methyoxy. 
phenyl oxy , benzyl oxy, phenylaminooxy , 

30 phenylaminocarbony 1 , me thyoxycarbony 1 . 

methylaminocarbonyl , dimethylamino, dimethylamino- 
carbonyl, or hydroxylaminocarbonyl group. 



48. A compound having the structure: 



O 0 

II II 
R-C-N- (CHj). -C-NH-OH 

I 

40 H 
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wherein R is a substituted or unsubstitued 2- 
pyridine, 3 -pyridine, or 4-pyridine and n is an 
integer from about 4 to about 8 or a 
pharmaceutically acceptable salt thereof. 

A compound having the structure: 

0 0 

1 I 
R-NH-C-N-(CH2)„ -C-NH-OH 

H 

wherein R is a substituted or unsubstituted 
phenyl, pyridine, piperidine or thiazole group 
and n is an integer from about 4 to about 8 or 
a pharmaceutically acceptable salt thereof. 

The coir?)ound of claim 49, wherein R is a substituted 
phenyl group. 

The compound of claim 50, wherein the phenyl group 
is substituted with a methyl, cyano, nitro, thio, 
trif luoromethyl, amino, aminocarbonyl,' methyl cyano, 
chloro, fluoro, bromo, iodo, 2, 3-difluoro, 2,4- 
difluoro, 2,5-difluoro, 3,4-dif luoro, 3,5-dif luoro, 
2 , 6 -dif luoro, 1,2,3- trif luoro, 2,3, 6 -trif luoro, 
2, 4, 6 -trif luoro, 3, 4, 5 -trif luoro, 2,3,5,6- 
tetrafluoro, 2,3,4,5,6-pentafluoro, azido, hexyl, t- 
butyl , phenyl , carboxyl , hydroxyl , me thyoxy , 
phenyl oxy, benzyl oxy, phenyl aminooxy , 
phenylaminocarbony 1 , me thyoxycarbony 1 , 
methylaminocarbonyl, dimethylamino, . dime thy lamino- 
carbonyl, or hydroxylaminocarbonyl group. 

The con^otind of claim 49 having the structure: 
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or a pharmaceutically acceptable salt thereof 
The compound of claim 51 having the structure: 



O 

CI ^g-NH-CCHOj -C-NH-OH 

0 

or a pharmaceutically acceptable salt thereof. 

A method of selectively inducing terminal 
differentiation of neoplastic cells and thereby 
inhibiting proliferation of such cells which 
comprises contacting the cells under suitable 
conditions with an effective amount of the compound 
of claim 1, 2, 16, 20, 22, 25, 26, 28, 29, 32, 36, 
38, 40, 43, 44, 47, 48, 51, or 52 or a 
pharmaceutically acceptable salt thereof, effective 
to selectively induce terminal differentiation. 



A method of treating a patient having a tumor 
characterized by proliferation of neoplastic cells 
which comprises administering to the patient an 
effective amount of the compound of claim l, 2, 16, 
20, 22, 25, 26, 28, 29, 32, 36, 38, 40 43, 44, 47, 
48, 51, or 52 or a pharmaceutically acceptable salt 
thereof, effective to selectively induce terminal 
differentiation of such neoplastic cells and thereby 
inhibit their proliferation. 

A pharmaceutical composition coii5>rising a 
pharmaceutically acceptable carrier and a 
therapeutically effective amount of the compound of 
claim 1, 2, 16, 20, 22, 25, 26, 28, 29, 32, 36, 38, 
40, 43, 44, 47, 48, 51, or 52 or a pharmaceutically 
acceptable salt thereof. 
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The pharmaceutical coirposition. of claim 56, wherein 
the effective amount is an amount effective to 
selectively induce terminal differentiation of 
suitable neoplastic cells and less than an amount, 
which causes toxicity in a patient. 

The pharmaceutical composition of claim 56 in 
combination with an antitxmor agent. 

The pharmaceutical coii5>osition of claim 56 in 
sustained release form. 

The pharmaceutical composition of claim 58 in 
sustained release 'form. 
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